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PREFACE. 



The desire of obtaining knowledge ia one of the most natural, 
and, at the same time, most ennobling attributes of the 
human mind, for it is impossible, whatever may be our 
station in life, to walk through the world without noticing 
facts of the highest interest, which cannot be duly appre- 
ciated unless properly understood. 

The Panorama of Science is intended, like a guide-book 
to strangers, to lead our readers through the most agree- 
able paths to knowledge, and explain in the most simple 
manner the Principles of Science. No scholastic difficulties 
will be allowed to impedd our progress ; for there is now no 
necessity to effect, like the priests of old, an air of mystery 
in elucidating the artless means which nature takes to ac- 
compUsh many of her most important and beautiful opera- 
tions : indeed, truth disdains all artifices ; she does not love 
to appear masqueraded in the custom of quaint and hyper- 
bolical devices ; her ways are ways of the utmost simplicity, 
and may be readily understood by every individual desirous 
of acquiring information. This information we will now 
lay before the reader, excluding, or explaining; all scientific 
terms ; and it is hoped that this will appear a ** Panorama" 
more than in name. 

O. G. 
Livsrpcof, Mar, 1862. 
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PANORAMA OF SCIENCE. 



INTRODUCTION. 

Scientific knowledge has often been neglected from 
an idea that it can only be attained by individuals 
who previously possess considerable information. 
There cannot possibly exist a greater mistake; for 
Nature is so simple in all her operations, that they 
can be rendered as intelligible to the mind of the 
humble mechanic or unlettered peasant, as to that of 
the haughty peer or the most learned philosopher. It 
is certainly true, that in former times, partly from 
ignorance, or the defects of the English language, and 
from an ignoble wish to fetter the progress of the 
human mind, the most simple truths were studiously 
obscured ; but the curious signs and figures — ^the 
harsh and disjointed phraseology — the crude and com- 
plicated technical terms which were then in general 
use, have now been done away with, and the path to 
the Temple of Science is at the present day open and 
easy of access to all. 



12 PANORAMA OF 8CIBNCB. 

In this age of intellectual excitement many means 
liave been contrived to extend the blessings of educa- 
tion ; and schools of art have been instituted, and 
popular lectures judiciously delivered, with the view of 
communicating, in the most easy and familiar manner, 
those principles of science which explain the various 
phenomena of nature, and the different processes of 
art by which we can supply the necessaries and the 
luxuries of life. But it is now our intention in pub- 
lishing this volume, to bring home to every preside in 
the kingdom^ that species of information, which has 
hitherto been confined to schools and lecture-rooms, 
or published in an expensive or too elaborate form for 
general use. To obviate every difficulty, therefore, 
and to render the scientific subjects of which we are 
about to treat, adapted to the capacity of even the 
most illiterate of readers, the most perfectly simple 
style of language will be used in the composition of 
the following articles. 

Science admits of two general divisions ; the first 
comprehending an investigation into the nature and 
operations of our own minds; the second, into the 
various properties and conditions of matter, or the 
objects which we perceive in the external world. It 
is by a strict examination into these, that we become 
acquainted with the laws of Nature, without some 
acquaintance with which we must be continually 
passing over many objects and events unnoticed, that 
would otherwise excite the greatest possible interest 
and admiration. Nor is this all ; for when any event 
does occur of so uncommon and striking a kind as to 
attract our attention, and so to awaken our ignorance, 
if we are unable to explain it on fixed principles, 
we must fall back upon the suggestions of fancy which, 
as every person has found, lead to the most absurd and 
extravagant superstitions. Thunder and lightning, 
comets, meteors, northern lights, rainbows, and indeed 
every phenomenon of Nature, has, in its turn, excited 
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those superstitious feelings which appear natural to 
man while in a state of ignorance ; but happjr are we 
that such is not the condition of the working men of 
the nineteenth century — ^the schoolmaster is abroad, 
and a ekeap press has wrought miracles. But a few 
examples will not be out of place here to show the 
adyaiitages we enjoy over what our forefathers enjoyed. 
In ancient times, thunder and lightning were re- 
garded as occurrences beyond the common course of 
nature. Under the Mosaical dispensation, the Jews 
were accustomed to open the doors and windows of 
their dwellings during a thunder storm, in the expec- 
tation of the promised Messiah making his appearance 
amidst this war of the elements. The Roman Catho- 
lics, in many districts of Germany, toll the bells of the 
churches during the continuance of a thunder-storm ; 
and in Athens, when a person was struck dead by 
lightning, the spot on which the accident occurred was 
enclosed, and an altar raised for the people to offer up 
their sacrifices to the gods. The superstitions of the 
ignorant which gave rise to such customs, have, from 
the rapid advancement in our own days of the know- 
ledge of science^ not only been dispelled, but we have 
contrived by a very simple expedient, to rob the cloud 
of its lightning, and to protect our houses and churches 
from its disastrous effects. Comets have also been, 
from a very early period, regarded as unnatural events, 
which appeared in the heavens to predict the most 
dismal calamities, such as wars and pestilence, the 
dethronement and death of kings, and the destruction of 
empires. By referring to the history of Rome we will 
observe the undue importance which was attached to 
the comet that appeared a short time previous to the 
Augustan war, and to that which attended the battle 
of Pharsalia: neither has Josephus, the celebrateil 
Jewish historian, been sparing of them at the destruc- 
tion of Jerusalem. During those days of ignorance 
and superstition, comets were merely regfurded as 

B 
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flaming meteors : but thanks to the progress of dis- 
covery, our astronomers are now enabled to examine 
their nature more minutely — to point out the orbit 
they describe — and to foretell with certainty the 
periods of their return. Meteors, which occur so 
much more frequently than comets, have also aroused 
the apprehensions of the vulgar, who have fancied 
them to bear away the spirits of the departed, and to 
be the sure forerunners of death. ^^ The account," 
says Mr. MTherson, '* given to this day by the 
ignorant, is very poetical. The ghost comes mounted 
on a meteor, and surrounds twice or thrice the house 
destined for the person to die in, and then goes along 
the road through which the burial is to pass, shriek- 
ing at intervals; at last the meteor and the ghost 
disappear above the burial place." Northern lights 
have also given rise to many conjectures and prophe- 
cies. If .of a pale colour, they were supposed to be 
the precursors of &mine ; if of a brilliant red appear- 
ance, to be ominous of pestilence and war. The 
rainbow even, which '* compasseth the heaven about 
with a glorious circle," has been the parent of nume- 
rous fanoiful notions. The superstition of the Athenians 
caused altars to be raised for its worship ; and even to 
the colours it exhibits were assigned a mysterious 
interpretation during the earlier ages of Christianity. 
The red and green colours were considered to be 
significant of the destruction of the world with fire 
and water ; while in the other colours were recognised 
typical allusions to the mysteries of baptism and the 
holy sacrament of the Supper. These, and many other 
false notions we could point out, shew, that without 
some knowledge of the elementary principles of science, 
we not only fail to observe and appreciate, but are 
apt to place an absurd and mischievous interpretation 
on the most interesting and beautiful phenomena of 
nature. 

By the aid of scientific principles, derived from the 
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observation of a few facts of the most simple kind, and 
which are capable of immediate proof, the weakest 
disciple of science has it in his power to explain the 
properties and effects of light — ^the sources, operations, 
and numerous applications of heat— ^the composition ot 
air and water, and the various kinds of earths, mine- 
rals, metals, and other substances of which this globe 
we inhabit is composed. Besides all these, there are 
many phenomena of frequent occurrence which claim 
peculiar attention ; the varied and frequently beauti< 
ful colours that are often observed reflected along the 
sky-^the formation and varieties of clouds— the con- 
densation and fall of snow, hail, rain, and dew — ^the 
motions of the air, sea and land breeses, trade- winds, 
whirlwinds, the hurricane, the tornado, and the 
simoom— «the various appearances which prognosticate 
change of weather-^the transparency, the glowing 
tints and depths of the ocean, with the motion of its 
waves, its tides, its currents, and its whirlpools 
-^the lakes, rivers, and springs, which so beautifully 
diversify the face of nature ; the terrible convulsions 
which, under the form of earthquakes, lay the proudest 
cities in the dust, and overwhelm with fear the 
heart of man — these and many other wonders of crea- 
tion, are well calculated to excite, even in the most 
heartless mind a spirit ot inquiry, which, once aroused, 
will go along upon its path rejoicing, fully conscious 
that at every step it is gathering power and enlarg- 
ing the boundaries of human happiness. All man- 
kind, natural historians, moralists, poets — are 
accustomed to speak of the surpassing beauties of 
nature; but these cannot be felt nor su£5icient1y 
appreciated without being properly understood ; there- 
fore this is one of the strongest inducements for us to 
cultivate such knowledge — to apply ourselves to 
obtain a clear perception of the globe we inhabit ; for 
whatever may be the sphere of life in which we are 
destined to move — whatever the duties we may be 
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called upon to perform, or the cares and anxieties 
that may oppress us, there are tiroes when we escape 
from these into the free open air, to wander perhaps 
through the green fields, or along the sea shore, and 
then the mind so endowed carries along with it a talis- 
man, by which it can at all times command the most 
interesting subjects for its contemplation. But besides 
the foregoing inquiries, which relate principally to 
what is termined inorganic matter, when we have 
examined the irregularities of the earth's surface, its 
mountains and its valleys — its hills and its plains — its 
its stupendous rocks and its level shores, it will remain 
for us to consider the numerous tribes of organic beings 
which in these different regions find their appropriate 
abode. We shall find that the vegetable creation alone 
opens up to us a world which first bewilders us with the 
multitude of its wonders and beauties, and then 
charms us into meditation. Every plant, from the 
humble moss clinging to the barren rock, to the 
majestic oak of the umbrageous forest — from the 
despised weed on which we disdainfully trample, to 
the beautiful flower which it is our delight to cultivate, 
are under the influence of the same unalterable laws ; 
they all require light, heat, air, and moisture ; they 
all possess a living principle, and require a certain 
quantity and kind of nourishment which is distilled 
into sap, and converted in different kinds of matter, 
for the leaves, flowers and fruit ; they have all the 
faculty of reproduction, whereby the same species is 
continued, and they all grow, attain maturity, and 
then die, and their decayed remains, even as human 
dust, then contribute to the formation of the soil, 
which is always by such means in the course of 
renewal. The seeds and fruits of some of these 
plants, by various processes of art, are converted into 
food, examples of which we have in the numerous 
kinds of grain now cultivated in Europe ; others again 
which snpply us with the means of clothing, in- 
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stances of which we recognise in tlie hemp, flax, and 
cotton plants; others produce valuable medicinal 
substances, by which we are enabled to lessen and 
often entirely subdue the sufferings and progress of 
disease ; besides all which, it is almost unnecessary to 
add that timber of different kinds forms a most 
iniportant article of commerce, seeing it is applied to 
80 many purposes of life. 

From all this we perceive that the vegetable king- 
dom not only adorns the world with verdant beauty, 
but that all its productions, its grasses, herbs, shrubs, 
and trees, are adapted to supply the various wants of 
the great human family. But it is not man alone that 
derives support and enjoyment from that source ; the 
plants that grow beside rivers, the shrubs that 
beautify rocks, the extensive forests formed by the 
grouping together of trees, — all afford nourishment 
and protection to thousands of living beings. Here 
myriads of insects that have hitherto escaped the 
observation of the naturalist, and birds whose 
melodious warblings are unrivalled by human art, 
enjoy their liberty ; here, also, secure from the 
dominion of man, animals, in their wild and undo- 
mesticated state, find shelter. As the principle of 
life which exists in plants does not lead to the obvious 
manifestation of any sentient or thinking principle, 
they have been placed at the bottom of the scale of 
organised beings, ascending from which the numerous 
living beings that inhabit the air, the water, and the 
earth, and which exhibit a regular advancing scale, 
from the most simple to the most complicated 
structures, engage our attention and our interest. 
Certain general laws we find govern all these — 
they all require light, heat, air, and food — they all 
have the power of multiplying their individual and 
distinct races — they all grow and enjoy the power of 
locomotion — ^they have all senses which warn them of 
the approach of danger, and enable them to select the 
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most proper substances for their support— they faaye 
all their appropriate residences, some being the inha- 
bitants of cold, others of hot climates, some being 
destined to live in the bosoms of yallejrs, others on the 
heights of mountains — they have the habits which 
are connected with certain peculiarities visible in the 
form of their bodies — they all endure only a temporary 
existence, some of them living only a few minutes, 
others for centuries : and finally, like the plants al- 
ready noticed, the remains of their decaying bodies 
contribute to the formation of the earth on which we 
tread. Finding himself perplexed, by the immense 
number of these animated beings, the naturalist has 
arranged them according to their various forms and 
habits into certain general divisions, and these again 
he has subdivided into particular classes, genera, 
species, and varieties. At the head of these, pre-emi* 
nently distinguished by the faculty of speech, and the 
powers of his mind, we find man, whose knowledge, 
when tempered with humanity, teaches him humility, 
forbearance, and gentleness to all living things. In 
his uncivilised state man is perhaps the most abject 
and helpless creature that moves on the face of the 
earth ; nor is it until the light of reason draws upon 
his soul that he can understand how to supply his 
numerous necessities and comforts. Naked, unarmed, 
exposed to all the inclemencies of the weather, he 
seeks only to supply his immediate physical wants. 
His hunger he appeases by eating the fruits of the 
trees, or the roots of herbs ; his thirst he quenches at 
the river's brink, and his abode is in the depths of 
otherwise unfrequented forests. In this state he has 
no language to explain his ideas ; but let us turn from 
a picture so humiliating to human vanity, and con- 
template man in his more civilised condition, enjoying 
not only all the comforts, but likewise the luxuries 
conferred on him by the progress of the arts and 
sciences. Imperial Borne, formerly the mistress of the 
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world, origiaally consisted only of a few mud hovels 
irregalarly scattered, and we are informed by Yitru* 
Tins, that even in his time, the Temple of Romulas 
was thatched with straw for -its preservation. Such 
was the origin of that proud city ; and this is only an 
emblem of the significant changes, improvements, and 
contributions to happiness that have been, and will be 
effected, by the progress of the human mind. 

Great Britain itself, which has held so commanding 
an attitude among surrounding nations, has also risen 
from as humble an origin ; and to what can her glory 
and prosperity be attributed ? Undoubtedly to the 
advanced state of the arts and sciences; it is this 
which led to her conquests both by land aud sea ; and 
it is this which now forms the broad and firm basis of 
her commerce. The application of the principles of 
science to her various manufactures has brought many 
of them to a state of the most wonderful perfection. 
When we consider, therefore, that the knowledge of 
the principles of chemistry wUl enable us to under- 
stand the most interesting processes of art, no one will 
deny that it is a most desirable acquisition, more 
especially as it requires but little sacrifice of time and 
no great application to study. By referring to the 
History of Great Britain we will learn that previous 
to the eighth century glass was an article unknown, 
and that the windows of houses, and even of cathedral 
churches, admitted light through fine linen cloths, or 
lattices of wood; but now, by the union of potash 
and a certain kind of sea sand, and the application of 
heat, glass is formed, which supplies us with the 
means of enjoying light in our habitations, while at 
the same time it excludes the inclemency of the 
weather ; and the manufacture of glass at the present 
day forms an important branch of our trade. The art 
of bleaching, dyeing, and tanning, are likewise chemical 
operations, which may be understood with little difii- 
culty. The process of bleaching is one of great 
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antiquity ; for we are credibly informed that lime was 
used in bleaching, three hundred years before Christ. 
Here the bleacher has be( n in<1ebted to the progress of 
science, as without knowing the elementary principles 
of which, it is not possible to understand the action 
that takes place in this process. In dyeing, not a 
colour can be imparted unless an affinity or attrac- 
tion exists between the cloth and the dye; and if 
this is not present, recourse must be had to some other 
aofent to form a bond of union between them. For ex- 
a nple, if we dissolve some indigo in a little common 
vitriol, and dilute it largely with water, and then dip into 
the solution a piece of silk, linen, or cotton, we shall 
find, on taking it out immediately, that the indigo 
combines with the cloth and gives it a blue colour ; 
but if, in the place of indigo, we use cochineal, or 
madder, and immerse the cloth, we shall find that 
there is so slight an attraction between the colouring 
matter and the fibres of the cloth, that it only receives 
a stain which may be removed by washing. In this 
case a mordaunt or basis, generally a preparation of 
iron or tin, is requisite to render the dye permanent. 
We hereby perceive that the process of dyeing 
depends on a chemical action, which admits of a very 
easy explanation. Tanning, likewise, can only be 
understood, by having recourse to the science of 
chemistry, which has taught us that, in the rind or 
bark of trees, more es«pecially of the oak kind, a 
substance is found which may be made, by a very 
simple process, to combine with the skins of animals, 
so as to form leather. The mode of extracting metals, 
also, from their di£Perent ores, and the important art 
of agriculture, require a knowledge of chemical 
principles. Besides these, even the most simple 
culinary processes, daily going forward in our 
kitchens, proceed likewise on principles of chemistry, 
which every individual ought to understand. We 
are iuformed that Count Rumford, the distinguished 
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philosopher, did not disdain to exercise the powers of 
his scientific mind in devising means to improve the 
art of cooking. He endeavoured to ascertain how 
the greatest quantity of nourishment could be obtained 
from food at the least possible expense; and so 
successful was he in his experiments, that, in one 
of his establishments at Munich, three women pre- 
pared a dinner for a thousand persons, and burned 
only nine-pence worth of fuel. He proceeded so far 
in his improvements so as to economise all the heat 
of the smoke ; and it was even believed, had he lived, 
he would have cooked his own dinner with the smoke 
from his neighbour's chimney. Many more examples 
might be here brought forward to illustrate the 
universal application of the principles of science, but 
sufficient has been said to point out how much there 
is to delight as well as to interest the student as be 
advances along the path of useful knowledge. We 
may observe that the instruction which thus enables 
us to appreciate the beauties of nature, and qualifies 
us to understand the various processes of art, should 
exercise the happiest and most beneficial effects on 
human character ; for such meditations are every way 
calculated to elevate the thoughts, refine the feelings, 
enrich the imagination, aud render us happier as we 
proceed on our journey through this world, and at 
the same time making us better fitted for the 
enjoyment of a glorious eternity. 



LIGHT. 

** In the beginning God created the heaven and the 
earth. And the earth was without form, and void, 
and darkness was upon the face of the deep : and the 
Spirit of God moved upon the face of the waters. And 
God said, Let there be light : and there was light." 
B 2 
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The accomplishment of the divine command was im- 
mediate, and the sudden removal of the dismal darkness 
which was upon the face of the deep was instan- 
taneously followed by the bright splendour of the sun. 
The transition presented oyer the whole appearance of 
the now illumined, face of the waters, must fill every 
thoughtful mind with a sense of power and sublimity 
which cannot be exceeded. We cannot feel surprised 
that this light, so unsullied in its nature, and so lovely 
in all its different e£Fects, suddenly called into existence, 
— we cannot feel surprised, we repeat, that this light, 
which so freely scatters its blessings around us, should 
have attracted the attention of the most highly gifted 
and accomplished philosophers. Let us then enter on 
this interesting subject, and proceed to consider its 
nature and properties, and its influence on the animate 
and inanimate creation. 

The sun, which has been worshipped as a visible 
god by many nations, is the most obvious source of 
light and heat ; and every one is now, or ought to be 
aware, that it is the change of position which our 
earth, in its constant revolution, undergoes in its rela- 
tion to that luminary, which causes and regulates the 
return and duration of day ^nd night, and the succes- 
sion and intensity of the different seasons. But the 
sun is not the only source of light ; for was this the 
case we should be left during the period of night in the 
helplessnes of darkness, thim which nothing could be 
more dreadful. Instead of this, however, when the 
sun has sunk below the horizon, and the twilight 
which follows has faded away, the reflected light of 
the moon, and the light of innumerable stars, shed a 
soft and sparkling lustre through the world. These 
heavenly bodies are the most obvious sources of 
natural light; but man, at a very early period, 
prompted by his necessities, contrived to procure both 
light and heat artificially, to accomplish which, he had 
recourse to several ingenious plans. It was observed. 
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that when two bodies are pretty smartly rubbed 
against each other, both light and beat are obtained 
by the friction. The arctic Highlanders of Baffin's 
Bay obtain fire by rubbing two fish bones against 
each other. The Fuegians, an uncivilised race of 
j^ople, inhabiting one of the coasts in the Southern 
Ocean, procure fire by rubbing a pyrite, or fireatone, 
and a flinty stone together, and catching the sparks on 
a soft dry substance, resembling moss, which is 
quickly ignited. The inhabitants of New Holland 
take two pieces of soft dry wood — ^the one a stick 
about eight inches long, and the other a flat piece ; 
the stick is shaped into a blunt point at one end, and 
pressed firmly against the piece of wood, holding it 
between both their hands, and turning it quickly round. 
By this method light and heat are obtained, in some- 
what less than two minutes. It is for this reason 
necessary to grease the iron at the axis of carriage 
wheels, as otherwise from the friction, when the car- 
riage is drawn swiftly alon&f, as on railways, they are 
apt to take fire — an accident which has frequently 
cccurred. Friction, therefore, is one of the sources of 
artificial light. When one body is quickly struck 
against another — say a piece of flint against a piece of 
iron — flight and hesA are likewise produced. This is 
the method of obtaining light and heat by percussion ; 
and it is well known that advantage is taken of it in 
the locks of guns and pistols. When fire has been 
thus produced, it is applied to an inflammable body, 
during the burning of which, a more or less bright 
light is emitted. Thus oil and tallow are inflammable 
substances, and by putting in either of these, a piece 
of cotton wick, and lighting it, the oil or tallow 
rises through its threads and produces a steaiy flame. 
Many gases are likewise inflammable, and when mixed 
together in certain quantities, consume more or leser 
rapidly. 
Light is also produced by electricity, which is a very 
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peculiar and subtle fluid, that seems to pervade in a 
greater or less degree all bodies, animate or inanimate. 
When this electric fluid has accumulated in any par- 
ticular region, it seeks to disperse or equalise itself, 
and in so doing, evolves itself, and becomes perceptible 
to our sight. This is the cause of lightning; and 
many are of opinion that it is likewise the cause of the 
aurora borealis, meteors, shooting stars, and other 
interesting phenomena in nature. Certain animals 
also have the power of generating a phosphorescent 
kind of matter, which gives out light, such as the 
glow-worm, the fire-fly of the West Indies, and some 
descriptions of fish. It is probable that sea- water is 
capable of dissolving this luminous matter, which ex- 
plains the reason why the waters of the ocean 
by night often appear shining when agitated. 
Such are the general sources of light. But the princi- 
pal, and most constant of them all is undoubtedly the 
sun. 

Naturally inquisitive, the human mind is next led 
to inquire what is the nature of this light which is so 
universally spread over the world, and what are its 
properties; nor have these subjects remained unin« 
vestigated. The celebrated philosopher Descartes was 
of opinion that light is caused by a certain motion or 
undulation of a very thin elastic medium, which he 
supposed pervaded space; but Sir Tsaac Newton, 
whose valuable discoveries established a new era in 
the history of science, discarded this doctrine, and 
from various observations, came to the conclusion that 
light consists of very minute particles of matter, which 
are thrown out in all directions from luminous bodies. 
The opinion of Descartes was afterwards supported 
by many scientific men of eminence ; but the views of 
Sir Isaac Newton appear better founded, and are con- 
sequently more generally countenanced. The par^ 
ticles of light are extremely small, nay, so exquisitely 
minute, that they do not aflect the most delicate 
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balance ; but when we call to our recollectio i, that 
objects exist of such extreme minuteness as to escape 
even the powers of the microscope, so also does 
matter exist of so subtile a nature as not to affect the 
most exact scale that has as jet been constructed. 
This is the case with the matter of heat, and also 
with that of electricity. '* We may weigh, perhaps, the 
thousandth part, of a grain, but," says Dr. Thomson, 
^^ we are certain that no particle of light weighs the 
one millionth millionm part of a grain." This exquisite 
minuteness of the particles of light enables them to 
enter freely into the eye, without inflicting the slight- 
est injury on the structure of so delicate an organ. 
Rare, indeed, is the adaptation of every arrangement 
of nature to fulfil its final end or purpose. The 
number of these particles which flow from every 
luminous body is also wonderful. It has been esti- 
mated that there flow more than six million million 
times as many particles of light from a candle in one 
second of time as there are grains of sand in the whole 
earth. Be this as it may, the particles of light from 
a single candle, if there be no obstacle in the way to 
obstruct their passage, will fill a space of two miles in 
distance in every direction. The velocity with which 
light travels has equally excited the wonder and ad- 
miration of every intelligent mind. The sun is above 
ninety millions of miles distant from our earth, yet its 
light reaches us in about seven minutes and a half.— 
Dr. Brewster says, that it moves at the rate of a hun- 
dred and ninety- two thousand five hundred miles in a 
second. But while we pause on this surprising velo- 
city, it may be well to recollect that all our notions of 
distance and time are merely comparative, and in 
this, as in many other instances, our ideas are con- 
fined to the limits of our own circumscribed experi- 
ence. We know that the swiftest race-horse can 
scarcely ever run more than a mile a minute, nor can 
he support this speed mure than one or two minutes ; 
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but the swallow does this with ease for nine or ten 
hours srday. The golden eagle, it has been con- 
fidently affirmed, wUl wing its way through the 
fiercest storm, at the rate of forty miles an hour. It 
is well known from actual experiment that sound 
travels eleven hundred and forty feet in a second, and 
in all these iustances the rapidity of motion is almost 
incredible ; but we must never allow our scepticism to 
be excited by what at first sisht appears to be be* 
yond the range of possibility. A stream of these 
particles of light, emanating from the sun, or any 
luminous body, constitutes what is called a ray of 
light, which at all times proceeds, as long as it 
meets with no obstruction, in a straight line. Thus 
we can see through a straight, but not throngh a 
bent tube. In aiming with a gun at the boH's eye 
in the centre of a target, our endeavour is to direct 
the bullet along the straight rays of light which pro- 
ceed from that point to our organs of vision, and to 
enable us to take a surer aim, we generally close one 
eye in order to exelude all the rays of light excepting 
those which proceed from the point to which the 
attention is directed. We accordingly say that a ray 
of light moves in a straight lioe ; but if it meet with 
a body, such as a mirror, that interrupts its progress, 
what is the result ? It is unable to proceed directly 
onwards, and is reflected out of its course as a stone 
is when struck against a wall, This is called the 
reflection of light. On a clear summer's day when 
tlie sun is shining on the bosom of a lake .<»:a^yer, 
its rays of light are thus turned or reflected back to 
the eye, with a brightness so overpowering as to be 
frequently insupportable. So likewise in walking on 
the sunny side of the street, the reflection of the rays 
from the pavement and houses dazzles the eyes, and 
induces us to take shelter in the shade. On the 
sandy deserts of Africa and Egypt the continued 
reflection of the sun's rays from the sand gives rise 
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to painful maladies of tbe organ of sight. It is for 
t^ same reason that when we walk out after a fall 
of snow, if the noonday sun shines brightly, tbe 
number of rays that are reflected from the snow 
around, causes a painful sensation in the eyes. 
Trayellers who have visited Uie northern latitudes 
have complained much of the annoyance, they bad to 
endure from this reflection of light from the snow and 
ice which perpetually exists in those dreary regions. 
The Esquimaux are not even reconciled by habit to 
this inconvenience^ but are subjected to inflammation 
and other diseases of the eyes ; many persons having, 
says Captain Lyon, lost their eyelashes and became 
nearly blind. But if such be the distressing conse- 
quences of the sun's rays, it may be asked, how 
comes it that we ourselves do not experience more 
annoyance from this cause? By the knowledge 
conferred on us by science, we are enabled to explain 
the reason, which is simply this — that while certain 
bodies do reflect all the sunlight, others take up or 
absorb it in a considerable quantity, so that only a 
part of it is reflected. Thus a soft dark earthy soil 
allows the rays of light to enter into it, and they there 
remain retained. It is this power which certain 
bodies have of absorbing light, that prevents our 
having to walk through a world in which we should 
otherwise be continually dazzled. 

We have thus far alluded very generally to the 
reflection and absorption of light ; but there is another 
interesting property it possesses, which we will 
shortly consider, as it gives rise to some of the most 
beautiful and curious appearances in nature. When 
a ray of light proceeds through the same medium, 
we will say the air, it moves in a straight line, and if 
admitted into a dark room, throngh a hole in the 
shutter, it appears white ; but if it passes in a slanting 
direction from a rarer into a denser medium, as from 
air into water, it is then urged cut of the straight 
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line, and appears as if it had been suddenly bent. 
For this reason, a straight rod or stick, when immersed 
in water, appears to be broken at the surface of the 
water, and the portion immersed seems to be bent 
upwards. The light thus proceeding out of its 
straight course is said to be refracted, and our obser- 
vations on objects placed in water are liable from this 
circumstance to considerable deception. For example, 
— a deep bodied fish seen near the surface of the 
water appears a flat fish ; a round body there seems 
oval ; and objects seen at the bottom of the water do 
not appear to be so deep as they really are ; from 
which source of error, judging of the depth of a clear 
river from the bank, people have been frequently 
tempted beyond their depth, and, not unfrequently, 
drowned. Now, we must not forget that light, in 
passing into our atmosphere, has moved from a rarer 
into a denser medium — that is, from the thin ether 
above the highest stratum of the air, into the thicker 
mass of air which more immediately surrounds the 
earth. This air is generally loaded with a watery 
vapour, so that the medium through which light has 
to pass in our atmosphere undergoes many remarkable 
changes. Hence the distance, height, and relative 
position of mountains, hills, valleys, and towns often 
appear altered. A certain range of mountains in one 
condition of the atmosphere will appear nearer ; in 
another, more remote from the spectator than usual. 
But in being thus bent out of its course, a ray of 
light exhibits a variety of beautiful colours, the 
cause of which Sir Isaac Newton satisfactorily 
explains. 

We have already observed, that if a ray of light be 
admitted through the hole of a shutter into a dark 
room, it appears of uniform whiteness, but Sir Isaac 
discovered that this white ray of light is a combination 
of seven different coloured rays, which by a prism (a 
triangular piece of glass,) may be separated easily 
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from each other. This indefatigable philosopher 
proceeded with his experiment thus : — he made a hole 
in one of the window-shutters, and having darkened 
bis room, let in a conyenient quantity of the sun's 
light. He next intercepted this light with his prism, 
and found that, in passing through the glass, the light 
was so refracted as to exhibit on the wall an image 
of several different colours, viz., violet, indigo, blue, 
green, yellow, orange, and red. " It was at first," 
says he, *' a very pleasing divertisement to view the 
vivid and intense colours produced thereby :'* and we 
may suspect what might be the feelings of the 
illustrious discoverer, from what we ourselves have felt 
on trying the experiment more than once. After 
varying his experiments in a most ingenious manner, 
he established this interesting fact, that every ray of 
white light consists of seven other primary and 
different coloured rays, each of which seven is more 
or less refrangible than the other. Sir Isaac having 
obtained the seven different coloured rays, gathered 
them again togetlier by the aid of a lens (a glass 
spherically convex,) and re- produced the white ray of 
light. Further, in corroboration of this, he mixed 
together one part of red lead, four parts of blue bise, 
and a proper proportion of orpiment and verdigris. 
Then going to the distance of twelve or eighteen feet, 
so that he could not discern the uneven ness of the 
surface of the powder, nor the shadows let fall from 
the gritty particles thereof, the powder appeared 
intensely white, so as to transcend even the paper itself 
in whiteness. Sir Isaac Newton's discovery, that the 
combination of these different coloured rays produced 
the white rays of light, and that each of these 
elementary or primary rays possessed its own specific 
degree of refrangibility, revealed at once the explana- 
tion of many of the most interesting appearances in 
nature. Nothing can be more beautiful than the 
colours with which the tops of mountains, the surface 
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of the ocean, and the diffwent shaped clouds are 
tbged, at sunrise and sunset, the cause of which now 
became perfectly plain. The white rays of the sun, 
entering into an atmosphere of varying density, pass 
through it like the sunbeam through Sir Isaac 
Newton's glass prism, and are in a similar way 
decomposed. The rays that are the least refracted or 
bent from their course, reach the earth in all the 
purity and beauty of their own individual colours, 
and enter into a thousand varied combinations. 
When the sun is shining in all its noon of brilliancy 
high above the horizon, its rays, falling on the wide 
expanse of the ocean, are reflected back unchanged in 
all their original silvery splendour ; but when the sun 
is setting, and its rays fall slanting on the face of the 
waters, the red, being the least refrangible of the 
primary rays, floods with a flery glow the moving 
billows, and the line of the visible bonbon. Around 
the heavenly bodies — the sun and the moon-— circles 
of light of the most varying colours frequently appear, 
which may be explained on the same principle, these 
halos being nothing more than the rays of light re- 
flected and refracted by the small round particles of 
vapour through which they pass before reaching the 
sphere of our vision. But the most familiar instance 
of the decomposition of light into its prismatic colours 
is exhibited to us by the rainbow, which is occasioned 
by the light of the sun shining on the globular drops 
of water falling in an opposite shower. In this in- 
stance the rays of white light are refracted or 
resolved into their primary rays, which are reflected 
in the form of an arch across the Armament. Some^ 
times more than one or two of these arches are 
formed. Captain Parry informs us that he saw five 
rainbows at one time, and each complete. Sometimes 
the arches intersect each other, and they have been seen 
in an inverted position. Lunar rainbows also frequently 
occur, but do not display such variety of colours. 
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Rainbows also frequently appear among the waves of 
the sea, when their tops are buffeted by the winds, 
and blown into small globules. They appear, too, 
oceasiooally on the ground when the sun shines on a 
very thick dew. The falls of Niagara — and those of 
less note — even small cascades and fountains, whose 
waters in falling are divided into drops, display rain* 
bows when the spectator is in a proper position to 
observe them. But the most remarkable consequence 
of the refraction and reflection of light is the numerous 
atmospherical deceptions which are thereby occasioned. 
Places at considerable distances are sometimes un« 
ezpectedly brought within the sphere of vision. 

In the Records of the Transactions of the Royal So- 
ciety of London, we find that in 1788, the coast of 
France was distinctly seen at Hastings. Towns, 
hills, valleys, islands, ships, 4e;c., have been seen re- 
flected in the heavens. In the county of Huntingdon, 
on the morning of July 16, 1820, at half past four 
o'clock, the sun was shining in a cloudless sky, and 
the light vapours that arose from the river Ouse were 
moving over a little hill near St. Neots, when sud« 
denly the village of Great Paxton, its farm-houses, 
barns, dispersed cottages, trees, and its different grass 
fields, were clearly and distinctly visible in a beautiful 
aerial picture which extended from east to west about 
four hundred yards. Nothing could exceed the sur- 
prise and admiration of the spectators as they looked 
at this surprising phenomeon, nor their regret at its 
disappearance in little more than ten minutes. Among 
the Harts mountains in Germany, at Soutra Fell in 
Cumberland, in the South of Italy, and in several 
other places, similar phenomena have been observed. In 
the Memoirs of the Wemerian Society of Edinburgh for 
1827, appears an account of the Skerry Islands, situated 
in the sea about four miles distant from the coast of 
Ireland, appearing at lin extraordinary elevation, ap- 
parently two hundred yards above the level of the sea, 
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breaking off by degrees in the centre into appearances 
resembling old castles, towers, and spires. Two or 
three of snch images in an inverted position are some- 
times seen above the other. In the neighbourhood of 
Edinburgh, Inchkeith, an island in the Frith of 
Forth, has been seen reflected in the sky in an inverted 
position above the island, and above that another pic- 
ture of it in its natural position. In the northern 
seas, owing to the peculiar refractive state of the 
atmosphere, such appearances are of frequent occur- 
rence. When the rays of light fall on the surface of 
the ice, they are thence reflected into the air above, 
and often produce an aerial map of the ice and sea 
below. This is called the iceblink. Nothing can ex- 
ceed the curious, and at the same time splendid 
exhibitions, presented by the unequal refraction of the 
light from the ice and the land in these desolate re- 
gions. Captain Scoresby says, hummocks of ice 
assumed the forms of castles, obelisks, and spires ; in 
some places the distant ice was so irregular, and ap- 
peared so full of pinnacles, that it resembled a forest 
of naked trees ; in others it presented the character 
of an extensive city, crowded with churches, castles, 
and public edifices. He also records several instances 
of ships being reflected one above another in the sky, 
at a time when the ships themselves and the images 
were so distant as to be recognised only by the aid of 
a telescope. We have already explained how the 
rays of light become refracted in passing from a rarer 
into a denser atmosphere, and the frequency of these 
appearances in these regions is owing to the varying 
and unequal density of the atmosphere, which, when 
moist and warm, becomes chilled and condensed by 
passing over the extensive surface of ice. 

Light produces the most important and beneficial 
effects on the inanimate and animate creation, and, 
without its gracious agency all nature would . sicken 
and die. Many substances such as oils, mineral acids, 
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preparations of mercury, silver, lead, &c., change 
their colour when opposed to light. Those parts of a 
room which are painted with white lead and oil, and 
defended from light by furniture, become darker than 
the rest, but on exposure acquire the same brightness. 
Plants raised in the open air, when placed in dark- 
ness, become pale, and fade in two or three days ; 
those which, after having been raised in darkness, have 
been exposed for a time to sunlight, cannot support 
the want of light, but decay. Plants that grow be- 
neath stones are white, soft, watery, and insipid, of 
which fact many gardeners avail themselves to fur-^ 
nish our tables with white and tender vegetables, by 
binding up and compressing their leaves together, so 
as to defend them from the contact of light. The light 
of a lamp can, although but imperfectly, replace that 
of the sun. The plant becomes green and inclines to 
the light ; but this artificial light has a more bene- 
ficial influence when reflected from mirrors; and hence 
many hill-sides are rendered peculiarly fertile by the 
similar reflection of the light. When the sky has 
been long obscured by clouds, the leaves of trees and 
grass lose their usual bright green colour. This is 
corroborated by an American Professor, who says, 
^*' Clouds and rain have obscured the hemisphere 
during the last six days. In that time, the leaves of 
all the forests which are seen from this place have 
greatly expanded ; but they were all of a pallid hue 
until this afternoon, when, within the period of six 
hours, during which we had sunshine, they all changed 
their colour to a beautiful green." 

The entire absence of light is so injurious to plants, 
that it has been concluded, that without the light of 
the moon and stars, night would destroy vegetables. 
The complexion of man, and the colours of diflerent 
races of amimals, are considerably modified by expo- 
sure to* light. African ladies, who live much within 
doors, are sot so dark as those persons who spend 
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much of their time in the open air. Animals in tho 
polar regions do not exhibit the variety of colours 
which those present that are natives of tropical cli- 
mates. In this country likewise, we observe that 
foxes, rabbits, hares, &c., assimilate to the colour of 
the soil they frequent. Birds, too, that fly by night, 
do not display so varied and gaudy a plumage as 
those which fly by day. Animals, if totally deprived of 
light, would, like plants, languish and die. Nothing, 
indeed, dn be more appalling than total darkness; 
and for this reason, the denunciation of Him who 
fnade the sun and the moon is so terrible, which 
declares that ^^The wicked shall be cast into outer 
darkness, where there shall be weeping and wailing 
and gnashing of teeth." 

Having thus explained, in a general manner, th« 
sources, the nature, and the effects of Hght, we shall 
now proceed on the same principle — that is, endea«- 
vouring to explain everything in the most simple 
manner, and avoiding as much as possible the intro* 
duction of scientific terms — to devote our attention 
to the subject of 
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In taking a view of the magnificent theatre of 
Nature, we at once perceive the vast importance of 
this agent: — ^by its power, rocks, islands, hills, and 
mountains have been upraised out of the innermost 
depths of the earth; — by its operation, the genial 
moisture, which, under the form of rain, desends, 
cooling the heated air, and refreshing the parched-up 
soil, is raised from the bosom of rivers, lakes, and 
seas ; — by its influence, the waters which were chained 
up by firost during the desolate reign of winter, are 
again set free to sparkle along at the bases of their 



HEAT. 35 

• 

sQiiny banks ; — hy its benignant agency, the trees, 
that -were deprired of their foliage, and the herbs that 
were apparently withered, are again invigorated with 
new life, and arrayed in new beauty ; — ^it controls and 
modifies, indeed, life under every form ; and is the 
most uniyersally pervading important agent with 
which we are acquainted. 

When we consider th« dreary monotony of the 
polar regions, where human nature appears in its 
most humble and degraded form, and where the 
bears, wolves, and foxes seem alone to find appro- 
priate habitations; and when we compare these 
trackless solitary wastes with the blooming valleys of 
sunny Italy, we at once see the vast influence of dif*- 
ferent temperatures on the surface of the globe ; nor 
do we hesitate to refer such modifications to the sun, 
which is undoubtedly, the principal fountain both of 
heat and light. At a perioid when science was in its 
infancy, the ancients observed this general fact, and 
concluded that the sun was an immense globe of fire ; 
but this opinion has long since exploded. The astro- 
nomers of our own more enlightened age, have shown 
by the aid of telescopes of vast power, that the sun 
is itself a solid and opaque body, perhaps a habitable 
globe, and they have come to the conclusion that we 
owe both light and heat to the peculiar atmosphere 
by which it is surrounded. Although this opinion 
has been advocated by Sir William Herschell, it 
must be acknowledged, that the manner and region 
of the sun in which heat and light are generated, can 
by no other means be understood, and on this, as on 
every other subject of inquiry, it is better to 
confess our ignorance, than to raise up a plausible and 
satisfactory knowledge. Certain it is, that the rays 
of the sun do impart heat ; but it must be observed, 
that they do not so unless they come in contact with 
some solid body — that is to say, they pass freely 
tlirough the air without giving out any sensible heat 
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until they reach the surface of the earth. Accordingly 
the higher we ascend in the air the colder it becomes 
— ^a fact experienced by those who have ascended in 
the balloons ; several of whom hare, on such occasions, 
found the thermometer sink a great many degrees, even 
below the freezing point. It is from the same cause 
that the higher we ascend a mountain, the more 
intense does the cold become, so that we at length 
arrive at a region where we can trace no signs of 
animal or vegetable life, all around being shrouded in 
perpetual snow. When the traveller ascends the 
Cimborazo mountain, which forms the extremity of 
the Andes in South America, and which rises to 
the height of twenty thousand nine hundred feet above 
the suiface of the earth, he leaves at its base a hot 
region, where the exhalations of a marshy soil, and 
the continuance of heat, generate fevers and diseases 
fatal to animal and vegetable life. Ascending higher, 
he arrives at a temperate region, which possesses a 
moderate and constant warmth, and is a perpetual 
season of spring to those who have arrived from the 
lower, summer-like, hot region. Above this again, 
as he ascends still higher, he finds himself surrounded 
by ice and snow, and then suffers the most intense 
winter cold, so that it may be truly said, that summer, 
winter, and spring, are here seated on three distinct 
thrones, which they never quit, and where they are 
constantly surrounded by the attributes of their 
respective powers. Yegetable and animal life present 
us with equally remarkable gradations, in these 
regions — ^thus, the forests of the lower or burning 
regions are remarkably rich, and they continually 
resound with the bowlings of different tribes of 
monkeys, and the ant-eater and black tiger prowl 
about them, while the surrounding air is infested with 
myriads of mosquitos and other obnoxious insects. 
Higher up the mountain is found the most splendid 
palm-trees, upon which the sloth may be seen hang- 
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ing, and at the feet of which the terrible boa- 
constrictor and crocodile may be often seen extending 
their frightful forms. Above this region is met the 
most beautiful aborescent ferns, and the precious bark 
tree, and many flowers of surpassing beauty; but 
here, the air becoming colder, the sensitive plant, aa 
if giving warning of the sterility and lifelessness of the 
region to which we are approximating, loses its 
peculiar sensibility, and no longer closes its leaves on 
being touched. At length, as we ascend higher, the 
gigantic trees appear to have dwindled ; the eye rests 
on nothing but short stunted and alpine plants, until 
at last the lichens and mosses amidst patches of 
scattered snow apprise us that we have arrived at the 
boundary of organised beings ; and that above us is 
nothing save the dreary region of eternal winter. 
Here no animal is observed, excepting occasionally 
the great condor, which is the only living being that 
appears to inhabit these dismal solitudes. It is 
obvious that here there is a regular gradation of tem- 
perature from the surface of the earth to the upper 
regions of the air; and for one hundred and ten yards 
of ascent, the heat diminishes as much as if we were to 
advance one degree of latitude towards the northern 
polar regions. The facts here described are of the 
utmost importance, because from these we observe 
that certain parts of the world are rendered not only 
habitable, but possess a fine and genial climate, which 
would otherwise be parched up by a tropical and 
burning sun. For example the city of Quito is almost 
nnder the equat<»*, and were we to form a superficial 
judgment of its temperature from its situation, we 
might conclude that it would be oppressed with intoler- 
able heat, instead of which, owing to its elevation, 
the air of that city differs little in temperature from 
that which we find in Paris. 

It is, therefore, obvious that the rays of the sun do 
not produce heat unless they strike upon some solid 
c 
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body, and even the gfeftter or letter intennty of the 
heat they produce is greatly modified by the directioo 
which they take, for when these solar nyn &11 directly 
or Tertically on a particular district, they give out 
much greater heat than when they &11 obliquely. 
The reason for which is simple ; when they descend 
upon a spot directly, they fidl on it with much force, 
and a great number of them are induded in a small 
spwe ; whereas, when their direction is more slanting, 
they not only do not strike the spot with the same 
force, but are more scattered, so that they by no 
means produce the same intensity oi heat. By this 
general fiust, then, we are enabled to explain the 
diminution of temperature from the equator to the 
poles — that is from the tropical to the frigid regions. 
Near the equator we find a aone, which passes imme- 
diately under the sun twice a year, and receives its 
rays in a very direct or vertical manner ; and here 
we have the tropical region. Next, we find a portion 
of the globe, which does not receive the sun's rays so 
directly, but, on the contrary, more obliquely, so that 
less heat is produced, and here, therefore, we find the 
temperate region. After this we reach another region 
of the globe, which is altogether deprived of the heat 
of the sun for the greater part of the year, and, 
during the other receives its rays still more obliquely; 
and here, consequently, we have the frigid aone, that 
desolate region of eternal ice and snow^ which has 
been explored in vain by so many intrepid navigators. 
This variety of temperature, occasioned by the dif- 
ferent direction which the sun's rays take in reaching 
the earth, is remarkably obvious in hilly countries. 
If a hill, having a southerly aspect, present a certain 
inclination, and the sun be at a corresponding altitude, 
the solar rays will strike the side of the hill perpen- 
dicularly, while on the plain below and around, the 
rajTS strike the earth obliquely, and with a propor- 
tionate diminution of force. If the ground extend to 
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the north, it will receive no rays, and remain always 
in shade ; and it is on this account that in the Yalais 
we see the Alps on one side covered with eternal ice, 
whilst the opposite hills are adorned with rich vine- 
yards, and orchards, and all the charms of fertility. 
Nor is the different manner in which the rays of the 
sun strike the earth the only circumstance to he con- 
sidered in examining the temperature of different 
climates ; for the rays of heat, like the rays of light, 
undergo a greater or lesser reflection ; that is, when 
they strike the earth they are thrown hack into the 
atmosphere, and are more or less confined and diffused 
among the watery vapour with which it is always 
loaded. Hence arises the warm and genial tempera- 
ture which surrounds the immediate sarhce of the 
earth, and which is so admirably adaped to snppori 
animal and vegetable life. Some soils likewise ab- 
sorb the sun's rays more than others ; thus a moist 
dayey soil takes up and retains the rays of heat for 
a considerable time ; a dry sandy surface, on the con- 
trary, immediately reflects them; and thence it is 
that the traveller, in ionmeying through the sandy 
deserts ci Africa, experiences the most oppressive and 
almost intolerable heat. This is aggravated by th« 
dryness of the air, for when it contains much mois- 
ture, as is the case ov«r marshy soib^ the heat is 
considerably diminished ; but such marshes in hot 
countries undergo fermentation, and give rise to exha- 
lations that produce the most pestilential diseases. 
The vicinity of the sea also very considerably mode- 
rates the efieots of temperature ; and on this account 
the interior of continents is colder than their coasts. 
So intense is the cold in the mountains of Norway, 
that it proved fatal to most of the Swedish army 
during the war, the dead bodies of the soldiers having 
been fouud in great numbers ; but those who live on 
the coasts of that country enjoy a very mild and 
agreeable climate. When the sun s rays fall on the 
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surface of the water, part of tbem enter it, and the 
continual motion of the waves, presenting a cool and 
fresh surface to the heated air, it is cooled, so that, 
while the land air is heated, and rises up into the 
upper regions, a cool sea breeze springs up and rushes 
in to supply its place. The vicinity of the sea, there- 
fore, moderates the heat of summer. It is also well 
known that the temperature of water is always more 
equalised than that of land, and, consequently, in 
winter, when the sun's rays fall very obliquely on the 
earth, and its surface is covered with snow which 
prevents the heat of the earth radiating into the air, 
the sea, having a more uniform temperature, continues 
to radiate heat, and thus a warmer region of air is 
formed, which modifies the cold of winter. On this 
account, at Plymouth, although the mean heat of the 
year is, on the whole, a little less than at Paris, the 
winter months are much less severe. Also, in the 
coldest winter months, the temperature of Edinburgh 
is some degrees warmer than that of London. From 
what we have stated, it must appear obvious that, 
while we regard the sun as the principal source of 
heat, yet the heat is modified by the direction which 
the solar rays take in reaching the earth, by the 
reflection and absorption which they there undergo, 
and by the vicinity pf the sea. 

We have as yet only considered the heat produced 
on the surface of the earth by the direct and immedi- 
ate action of the sun ; but, independent of this, we 
have conclusive evidence of the existence of very intense 
heat in the central depths of the earth. In descending 
into deep mines, the temperature of the air has been 
found to increase as we go down, but the presence of 
the miners, the lamps they use, and the explosions of 
gunpowder, render many such experiments very 
erroneous. Other methods, therefore, have been 
adopted to examine into the truth of the supposed 
fact, such as boring and cutting niches into rocks, 
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taking at tbe aaine time oTery possible precantioa 
against all sourcea of fiillacy. The rotult has still 
been the same, and leads to the conclosion that a very 
great heat exists at a depth of the earth beyond the 
sun a influence. The hot springs, which abound not 
only in Yolcanic districts^ but in Tariona other parts of 
the world, also lead ns to the same inference. The 
most remarkable springs of this kind are fonnd in 
Iceland, where the principal one is called the Geyser, 
situated in the middle of a plain, and snrronnded by 
forty other springs of a smaller size. These throw up 
their waters to a very considerable height. The 
eruption commences with short jets, which gradually 
increase in size ; tbe steam then ruslies forth furiously, 
accompanied by a loud thundering noise, resembling 
the distant firing of artillery from a ship at sea, unty 
at last a great mass of water is raised to a height of 
seventy, eighty, or ninety feet. The Icelanders use 
the more temperate of these springs as warm baths ; in 
those that are hotter or boiling, they boil their various 
articles of food, taking only the precaution to cover 
the vessel used to prevent to volcanic odour giving a 
taste to their food. Yolcanoes are also unquestionable 
proofs of the existence of this subterranean heat, which 
must exist at a considwable depth in the earth, be- 
cause rocks, which are«well known to have their 
original position at such depths, are, during their 
violent action, ejected into the air actually liquified by 
heat. Some of those volcanoes seem to have exhausted 
themselves and have become extiuct, examples of 
which ure to be fonnd in the central parts of France 
and Germany. Others exist in a state of frequent er 
continual activity, such as Vesuvius, iEltna, Stromboli, 
and Hecla. Besides which, we are aware, that 
owing to violent volcanic action, imnskense rocks are 
forced up from a constdershle depth, even from below 
the surface of the sea, and so form islands. In July 
of the year 1831, an island of this kind arose in the 
c 2 
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Mediterranean. The water was at first violently agi- 
tated, after which vast quantities of smoke and steam 
were evolved, and enormous masses of hot cinders, 
dust, &c., ejected several hundred feet into the air. 
Captain Steunhouse landed on this island the following 
month, and estimated its circumference to be about a 
a mile and a quarter. It is supposed that rocks so 
formed are of igneous origin, and of such rocks there 
are numerous examples in the immediate neighbour- 
hood of the city of Edinburgh. In examining either 
of which it is at once perceptible how these igneous 
rocks have rent asunder and forced their way through 
superincumbent strata, now filling up the immense 
crevices they have torn open, and now overrunning 
the whole subjacent mass. When these vast aild 
powerful operations of nature took place, terrible and 
sublime, indeed, must have been the convulsion ex- 
hibited, and altogether beyond the range of the human 
imagination. 

From what has been stated — from the temperature 
increasing in the deeper parts of rocks and mines — 
from the existence of hot springs in various parts of 
the world — from the phenomena exhibited by vol- 
canoes, and the appearances of rocks that have visibly 
undergone a state of fusion, we are entitled to believe 
in the existence of heat as a most important agent 
beneath the surface of the earth ; and whether it arise 
from central fire, or whether it be generated by some 
remarkable chemical actions that are in progress, has 
not as yet been satisfactorily determined. 

But in taking this general survey of the sources and 
influence of heat in nature, we ought not to forget, 
that it is frequently seen to arise from electricity. 
Even in Great Britain, where thunder-storms are 
neither so frequent nor so violent as in many other parts 
of the world, nothing is more common than for light- 
ning to melt metallic substances, especially iron. In 
a great thunder-storm that happened in Herefordshire, 
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a few yesLn back, the thick band of iron that was 
used to support a wooden railing in a field adjoining 
to the city of Hereford, was completely melted between 
each piece of wood — a fact which at once shews how 
intense the heat must haye been. In Italy, where 
such occurrences are not so rare, previous to the 
removal of the remains of the celebrated poet Ariosto 
from the Benedictine church to the Library of Ferara, 
bis bust, which surmounted the tomb, was struck by 
lightning and the crown of iron laurels melted away. 
Lord Byron has recorded the circumstance, in the 
following stanza in the fourth canto of ^^Ohilde 
Harold :" — 

** The lightning rent from Ariosto's bust 
The iron crown of laurels' mimic leaves. 
Nor was the ominous element uujust — 
For the true laurel leaf which glory weaves 
Is of the tree no bolt of thunder cleaves, 
And the false semblance but disgraced his brow ; 
Yet still it fondly superstition grieves. 
Know that the lightning sanctifies below 
Whate'er it strikes. Yon head is doubly sacred now.'* 

When we take into our consideration the operations 
of heat on the capacious and splendid scale of wliieh 
they really take place in nature, it may readily be sup- 
posed that man would be led, even before the sun of 
science shone upon the world, to contrive some plan 
for procuring that peculiar modification of light and 
heat which constitutes fire ; nor is it to be wondered 
at, that so many remarkable superstitions were attri- 
buted to it by the ancients. It is generally well 
known that the Persians worshipped fire. The patri- 
archs used it in ther burnt-offerings ; it was kept 
constantly burning in the Jewish tabernacle, and was 
regarded as the origin of life, the soul of the world, 
and the visible symbol of the Deity. We have 
already explained how it has been procured artificially 
by friction, as well as by concussion, and likewise 
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stated that it might be kept up by the burning of in* 
flammable bodies, which is called combustion. The 
compression of the particles of bodies nearer to each 
other is always more or less attended by an evolution 
of heat; and this is the ease with air; for if a 
quantity of air be confined in a syringe, in which there 
is a piece of tinder at the bottom, and then violently 
compressed, sufficient is produced to ignite the tinder* 
It has also been shown by a member of the Academy 
of Paris, that water itself, when submitted to a pres- 
sure of twenty atmospheres, gives out a certain 
quantity of heat. But it may be asked what is the 
nature of heat ? of what does it actually consist ? We, 
shall simply reply that there are two opinions advo- 
cated ; the first, that heat consists of nothing more 
than a certain vibration of the particles of the hot 
body ; the other that it does not consist of any such 
vibration, but is itself, an independent substance, being 
an extremely subtile and elastic fluid, contained and 
dispersed among the pores of matter. This latter 
opinion appears to be the most plausible, and among 
reasons for thinking so, we may state the following 
two : the first is, that tho addition of heat to a 
body increases its bulk, leading us to suppose that it 
receives some addition ; the second is, tliat bodies 
throw out their heat to a considerable distance, which 
could scarcely happen unless the heat so solved was 
distinct, and independent of the body itself whence it 
proceeds. Heat, therefore, we conclude, is a very 
subtile and elastic fluid ; but we may here mention, 
that some philosophers consider light and heat are 
only modifications of each other, and this opinion has 
been very ingeniously supported by Sir John Leslie, of 
the Edinburgh University. Whatever be the abstract 
nature of heat, its accumulation in, or abstraction 
from difierent bodies, gives rise to the most remarkable 
changes ; a few instances of which we will introduce 
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M we proceed in our description of THa Pr&perti€$ of 
ifeatj and Ug EffkeU. 

Without lieat the earth would not pour forth its 
numerous streams, nor he clothed with verdure — nor 
would the air be refreshed with genial moisture — 
neither would the humblest of living beings be 
enabled to support its own bare existanee. 

We have said that heat is a fluid, because, like all 
fluids, it has a tendency to seek its own equilibrium, 
that is to say, to distribute itself equally in every di- 
rection. Suspend a bail of iron, red hot, in an apart- 
ment, and the heat from it disperses itself equally 
through the cooler air, until one temperature pervades 
the ball and surrounding air. A fire placed in a grate 
diffuses its heat equally until every object in the room 
arrives at tlie same temperature. And well it is so ; 
as were it not for the tendency of heat to equalise its 
distribution, it would accumulate in large and irregular 
quantities, and we should be exposed to the most 
painful transitions, and hurried continually frem the 
most excessive heat to the equally intense agonies of 
the extremest cold, like the unhappy spirits described 
hj Dante aad Milton — 

** Thither by harp-footed furies hurFd 
From beds of raging fire, to starve in ice." 

Heat therefore seeks its own equipoise; it also 
enters in greater or lesser quantities into the pores of all 
bodies ; but do some not allow it to pass through them 
80 readily as others. If we place one end of an iron 
rod in the fire, the heat passes so quickly through the 
whole length of the rod that in a short time we cannot 
toueh the other end without being burnt ; but we may 
hold one end of a short stick in our hand while the 
other end is actually blasiog, so slowly does the heat 
pass through the substance of the wood. Metallic 
vessels, used for containing hot fluids, require wire. 
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bone or wooden bandlea, which being yery slow con- 
ductors of heat, interrupt its commnnication to the 
band. Those bodies which allow heat to trayerse 
tlirough them yery quickly, are called good conductors 
— ^those that retard its progress, bad conductors of 
heat ; and it has been found that the densest bodies 
are the best conductors. Silver, gold, copper, iron, 
allow heat to trayerse them more readily than glass, 
wood, porous earths, and bodies of a looser texture. 
Fluids, owing to the mobility of their particles, receiye 
and transmit heat better than solids ; hence when a 
liot body is plunged into water, it cools more quickly 
than if it were plunged into a mass of sand. Air is 
is not a good conductor of heat, which is another 
admirable provision ; for if it allowed its transmission 
as readily as the metals, the heat from the surface of 
the earth would be so speedily carried away, that 
nothing would be able to support life. But it has been 
discoyered that air in a state of absolute rest, does 
not conduct heat at all ; — and this is a fact of the 
greatest importance. On a hot sttmmer*s day, when 
there is scarcely a breath of wind stirring, the oppres- 
sion we feel is in a great measure owing to this cause, 
for we are then moving in an atmosphere which does 
not carry away the- accumulating heat of the body. 
Furs, wools, feathers, and loose spongy substances, 
are bad conductors of heat, for the air which is 
retained between their interstices, and which are at 
rest, prevents its transmission through them. Such 
materials are therefore chosen for winter dotking, 
not, as is the general idea, because they contain or 
impart any heat, but simply because they prevent its 
escape from the body and protect us at the same 
time from the external cold air. Thus protected, 
many of our boldest and most intrepid navigators 
have braved the winter of the polar regions, and lived 
with impunity amidst the coldness of those desolate 
solitudes, which seem to place an eternal barrier 
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against the farther extension of human knowledge or 
of human dominion. 

Prodigal in her heneficence, Nature has provided 
an appropriate and adequate covering for the animals 
of the different regions on the face of the glohe. 
Those living in hot countries have the hair of their 
coats fine, thin, and short; in those again that frequent 
more temperate climates^ their hair becomes thicker 
and weolly ; while those in the coldest countries, in 
high latitudes, their coats become shaggy, coarse, and 
thick. Animals that live much in water, are pro* 
vided with the finest^ longest^ and thickest furs ; and 
in all instances the fur is thicker on the parts of tlie 
body most exposed, more especially on the back, be» 
cause the heat escaping upwards, requires a greater 
obstruction in that direction. Birds frequenting the 
higher regions of the atmosphere require not only that 
their bodies should be light, but well protected from 
the cold, which, as we have already explained, 
increases as we ascend into the higher regions of the 
air. We find that Nature has not been unmindful of 
these requirements ; for in these birds the body is not 
only rendered light, by their bones being hollow, and 
communicating with the lungs, so that they are 
always filled with air, but they are enveloped in a 
manner which does not allow their natural heat to 
be easily carried off; their plumage, also, so beau* 
tiful to the eye of the spectator, is likewise an admi* 
rable protection against cold, for the quill, shaft, and 
web of the feather are so constructed as to offer the 
necessary obstruction to the escape of heat. The 
feathers, too, vary in kind and quantity, according to 
the habits of the bird, the climate it inhabits, and the 
season of the year. But there are animals destined to 
live in the northern seas, which are exposed to a much 
more intense degree of cold, yet which are not pro- 
tected either by feathers or furs. They are, however, 
provided with an equally efficient defence, for unde^ 
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the bkin, disposed ia small cells^ large qaaatitiea of 
fat, or thick oil are imbedded, which completelj en- 
Tolopes the whole body. Such is found in the 
whale, the seal, and the walrus ; and the oil thai 
is thence produced is well known to be a yery im- 
portant article of commerce. In all these instances, 
and numerous others needless here to mention, such 
coverings operate simply as non-conductors of heat ; 
preventing at the same time the escape of the natural 
warmth of the body, and the penetration into it of the 
external cold. Man, taught by observation and expe- 
rience, has taken advantage, as already remarked, of 
these facts, to supply himself with winter clothing ; 
and according to experiments made by scientific men, 
it appears, hare-fur, and eider, down are the warmest 
materials for such apparel; after beavers' fur, raw 
silk, sheep's wool, and cotton wool, and after them lint, 
or the scrapings of fine linen. 

From what we have stated, we presume that it is 
understood that heat has at all times a tendency to 
distribute itself equally in all directions, and that 
some bodies allow it to pass through them more readily 
than others : which facts will now enable us to under- 
stand the cause of our sensation of heat and cold. 
^Vhen several bodies of equal temperature are placed 
together, they each give out and receive the same 
quantities of heat, so that there is no increase of the 
temperature ; but when bodies of different temperature 
are placed in contact with each other, the hotter 
gives out heat to the colder body, until the same 
temperature is established between them; — for 
example, when the hand takes hold of a body colder 
than itself, it becomes sensible of cold, because a 
portion of its heat is conducted away by the colder 
body ; but if it grasp a body that is hotter than itself, 
then the body of higher temperature communicates to 
the hand, which becomes sensible of warmth. In all 
these instances the intensity of the sensation depends 
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on the superior or ioferior condaoting power of the 
body grasped, for the more rapidly the heat is carried 
away from the hand, the more intense is the sensation 
of cold thereby prodaoed. The oarpet in a room of 
Qsual temperature, feels nearly as warm as the hand ; 
the table feels rather colder; the marble chimney- 
piece colder still ; and the fire-irons coldest of all ; but 
each of these will, on the application of a thermometer, 
be fonnd of the same temperature, and the difference 
of the sensation is produced only by the greater or 
lesser rapidity with which they severally conduct 
away the heat from the body. Our sensations of heat 
and cold, therefore, are meroly relatiye ; for even ice« 
when carried into a room, the temperature of which is 
below the freezing point, will radiate heat. Snow 
appears cold to a healthy hand ; but it is frequently 
applied to frost-bitten limbs, because it is warmer 
than limbs so affected ; the object being to apply heat 
in the most gradual manner. Two persons bathing, 
will, according to the heat of each, find an apparent 
difference in the temperature of the same stream. A 
person from India arriving in England, in the spring 
season will complain of coldness, although the inhabi- 
tants in that country are beginuing to cast aside their 
winter apparel. The great danger which arises from 
going out of a heated ball-room or a theatre, is occa- 
sioned by the transition of the warm body into a colder 
atmosphere ; by which many lives are annually sacri- 
ficed, as it were, on the shrine of pleasure ; and the 
seeds are sown, by which the fairest, and the loveliest 
of the land, fall victims of lingering consumption. 

Heat is an agent of so subUe and diffused a nature, 
that we have not discovered any kind of matter that 
is totally destitute of it, and its accumulation, or 
abstraction, in various bodies, must necessarily effect 
great changes in them. It is a well-known fact, that 
the solid particles of all solid bodies are held together 
by a power of attraction which they exert among 
D 
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themseWes, and which is called the attraction of 
cohenon, or aggregation; but no two particles 
of matter are ever in aotaal contact. Interstices 
of greater or lesser magnitude must exist between 
them ; and it is into these that heat insinuates 
itself. It is evident, therefore, that beat must pro* 
dnce expansion ; for, by accumulating, it must stretch 
these spaces, and force particles bounding them to a 
greater distance from each other, whereby the whole 
body must necessarily be increased in bulk. But as 
this accumulation of heat causes an increase in the 
size, so must its abstraction, by diminishing the size 
of these openings, and allowing the surroundiog pai^ 
tides to approach nearer to each other, occasion the 
contraction of a body. 

A few examples will suffice. An iron bar, when 
heated, cannot be made to enter an opening which, 
when cold, it will readily enter ; of this fact coach- 
makers and others avail themselves. In making 
carriage wheels, they place the iron rim round the 
wheel while red-hot ; then as the iron cools, it contracts 
and embraces more firmly the wooden portion of the 
wheel. Even in this country, the heat of summer is 
sufficient to occasion the most remarkable changes in 
the condition of metallic bodies; for instance, the 
centre arch of an iron bridge is higher in hot than in 
cold weather; the gate of an iron raiiing, which 
during cold weather will open and shut easily, will 
sometimes stick fast on a warm day, owing to there 
being a greater expansion of it and the adjoining 
railing than of the ground in which they are fixed. 
The pitch of a pianoforte or harp is lowered during a 
warm day; and although tuned in a morning, will 
become out of tune if the same room be heated by a 
crowded party, owing to the expansion of the strings 
being greater than that of the frame^work of the in- 
strument. Buildings of considerable size and strength 
have been very often much injured by the expansion 
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of the iron bars fixed in different parts of them ; a 
case of which kind happened only a few years since to 
Bow Church in London. In this church, the bars of 
iron, used to hold together its fine steeple, expanded 
daring summer, and forced the stones sufficiently 
apart to allow dust and sandy particles to lodge be- 
tween them ; nor is there any doubt but that had it 
not been repaired soon enough, the whole edifice 
might have fallen. A yery curious experiment upon 
the known expansion of metals by heat, occurred some 
time ago in Paris, at the Abbey St. Mafftin, afterwards 
called the Conservatoire des Arts et Metiers. The 
immense weight of the roof of this building was 
forcing the waUs asunder, when they were restored 
in the following ingenious manner, to their perpen- 
dicular position : — Holes were made at opposite points 
in several places in the walls, through which strong 
iron bars were introduced, so as to extend across the 
building, and their extremities beyond the walls. 
Large nuts were then placed upon their ends, and 
screwed up so as to pi^ss upon the walls. Every 
alternate bar was then heated by powerful lamps, so 
that its length increased by expansion, and the nuts, 
before in contact with the walls, retired some distance 
from them. The nuts were agun screwed up to the 
walls, and the iron bars, on cooling, contracted, and 
from the pressure of the nuts, the walls were drawn 
together so as to be restored to their proper position. 

It must now be obvious to every reader, that the 
first effect of heat is the expansion of the body into 
which it enters ; and when a still further quantity is 
added, another change is produced, and the body, 
however dense it may be, is converted into a liquid. 
Silver, gold, lead, iron, tin, and all substances with 
which we are acquainted, may thus be liquified, 
excepting the diamond, which, being a combustible 
body, catches fire at a low temperature. The most 
remarkable circumstance attending liquifaction is tliis 
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•—when a body changes from a solid to a liqnid, or 
from a liquid to a vapour, its expansion causes a 
sudden increase of its capacity for heat, in consequence 
of which it absorbs an additional quantity, which 
becomes fixed, and so concealed as not to afiect the 
thermometer. This is what is termed kUent (secret) 
ksai. It is this addition of heat which occasions the 
body to pass from the solid to the fluid state ; and 
thus, when ice is conyerted into water, it absorbs as 
much heat as it would, if it did not melt it, raise its 
temperature 140 degrees. On the other hand, before 
water can be converted into a solid state, it must, 
after being reduced to 32 degrees, part with this 140 
degrees of heat, which occasioned it to exist in a fluid 
form. This is the reason that the processes of freezing 
and thawing are slow operations ; were it otherwise, 
tiie cold of a single night might freeze an ocean, and 
the heat of a single day convert the accumulated 
snows of winter into a sudden and frightful inunda- 
tion. When water has been heated in an open vessel 
to the boiling point, instead of its temperature in- 
creasing, the additional heat escapes in the form ai 
steam, and this steam absorbs 1000 degrees of heat 
which immediately becomes insensible. This is the 
reason, that when water is thrown upon a raging fire, 
it so powerfiiUy represses it, that the heat enters so 
rapidly into its latent state in the convension of the 
water into steam, that it is soon abstracted from the 
burning body. 

It is now understood, that after expansion, the next 
effect of heat is to produce liquifaction ; but if the heat 
be still continued, the material particles being forced 
to a still greater distance from each other, the liquid 
enters into a state of vapour* Water affords a favour- 
able example of this, being easily vapourised ; indeed it 
undergoes spontaneous evaporation at very low tem- 
peratures ; ^but, on the application of cold, the watery 
vapour is immediately condensed. When steam is 



HEAT. 53 

first formed it is invisible, as may be obserred by 
noticing it issuing from the spout of a tea-kettle ; but 
when it comes into contact with colder air it is con- 
densed, and assumes the appearance of a visible cloud. 
An immense quantity of water is incessantly evapo- 
rating from the surface of the earth. The fields and 
roads are inundated after a heavy fisdl of rain, but the 
water soon disappears during a little subsequent fine 
weather. Many large rivers issue into the Mediter- 
ranean sea; still it never increases in size, owing to 
the continual evaporation frt)m its surface. The water 
thus evaporated from rivers, lakes, and seas ascends 
into the air, and become^ condensed into clouds. In 
this country it is seldom that the sky is perfectly 
transparent ; but often on a clear day, we may ob- 
serve a cloud suddenly formed by a cold current of 
^md in the upper regions of the air, i^hich rapidly 
condenses the watery vapour there into light fleecy 
clouds. We may also add here, that water does not 
evaporate so quickly when still as when agitated by a 
brisk wind ; for this reason, variable winds are gene- 
rally regarded as the precursors of rain, and more rain 
falls during spring and autumn than during summer 
and winter. 

When a body has absorbed a certain quantity of 
heat, it distributes it forth again ; and in so doing, the 
beat passes off from its surface in straight lines. 
When a solid substance is interposed, however, the 
rays of heat are intercepted, as is the case when we 
use a hand-screen to protect the face from the heat of 
a common fire. Several carious experiments have 
been made on this subject ; and it has been found that 
a rough and dark sur&ce projects heat better than a 
smooth and polished one, f^o that metals do not radiate 
heat so well as other substances. Were it not for this 
radiation, the earth which has been absorbing the sun's 
rays for many days, would become parched up by the 
accumulation of heat ; instead of which, when the sun 
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has set, it agun radiates it forth into tbe sunomidiog- 
air. The oonseqiienGe of this is, that the snrfeco 
whenoe this ndiatioii takes place becomes colder than, 
the atmosphere which encompasses it, and condenses 
the visible Taponr which the air alwa3rB contains into 
dew. Dew, we maj remark, is only deposited on 
those snbstanoes that are below the temperature of the 
air by which they are snrronnded ; and as fibrous sub* 
stances radiate heat best, the dew appears in greater 
abundance where it is most wanted, on the grass of 
open plains rather than on bare earth, rocks, and 
masses of water. It is well known that dew is de- 
posited most liberally on a fine clear night, and but 
little is produced when the sky is OTercast with clouds 
— ^ihe reason of which is, that the clouds, acting like a 
concaye mirror, reflect back the radiated heat to the 
earth's snrfitce, and so tend to keep it warm. Snows 
act in the same manner ; and by obstructing the radia* 
tion of its heat, keeps the earth bdow warm, while 
the air above is many degrees below the freezing point. 
Our own bodies radiate heat. When we go out into 
the open air at night, this radiation of heat induces a 
sensation of cold ; and the coldness we experience is 
most intense when we are in an open country in a 
clear calm night. When it is cloudy the heat is re- 
flected back to us ; and even in towns, the reflection 
from the houses affords to us some compensation ; but 
in the country, when the night is clear and calm, this 
radiation proceeds without interruption. 



ATTRACTION. 

This word betokens that power by which all kinds of 
matter, whether of the size of atoms or of worlds, are 
drawn towards each other. Perhaps, there is no law 
of nature which produces phenomena so universally 
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and conttDually presented to our observation as 
attraction. If we lift our eyes to the starry heavens, 
and observe the ^^mystio dance" of those shining 
orbs, we find it like an invisible rein curbing them in 
their amazing journeys through the trackless ether, 
and compelling them to deviate from the straight 
forward course in which they would otherwise run, 
and wheel in a circular manner round some other 
body, the centre of their orbits of motion. Or if we 
turn our attention to the globe we inhabit, we find it 
drawing down to the earth the stone which we have 
thrown into the air ; or we see it forming into a globule 
the little drop of dew which hangs like an appropriate 
gem upon the delicate leaf of a flower. Or we see 
two contiguous drops upon the same spray, when 
brought near to each other, but still situated at a 
distance sufficient to be discerned by the eye, at last 
rush suddenly together and become one. Or we may 
detect its operations in uniting a few simple substances 
in various proportions, and producing the wonders of 
vegetable organization in infinite variety and never- 
failing Sympathy ! How sublime, yet how simple ; 
how minute, yet how comprehensive and magnificent 
is this law! at once exercising a power over the 
smallest atoms around us, while it is, at the same 
time, determining the revolutions of the gigantic and 
innumerable orbs that roll throughout the universe ; 
a height and a depth, a breadth and a length of 
existence, which imagination, in vain, attempts to 
picture, or reason to calculate. Or, as Rogers justly 
observes : — 

'* That yery Utw which mouldi a tear. 
And bidg it trickle Arom itg source. 
That law perceives the earth a sphere. 
And guides the planets in their course." 

This law is indispensable for the preservation and 
€|xisteDoe of the present order of things ; and it would 
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not be difficult to show, that the suspension of it, even 
with respect to a single star, would in course of time, 
spread disorder and anarchy throughout the universe. 
But its invariable operation is the certainty of destiny. 
Without this unchangeableness philosophy would only 
be a doctrine of chances : but eclipses for thousands 
of years to come, for instance, (supposing our world 
was to remain for so long,) can be calculated upon 
without fear of mistake, almost to the beat of a watch. 

The subject of attraction naturally separates itself 
into two grand divisions. There is first, the attraction 
which is exercised by masses of matter, situated at 
sensible distances from each other ; and secondly, the 
attraction existing amongst the atoms constituting 
these masses, which takes place at insensible distances. 
These two divisions are again subdivided, the former 
into the attractions of gravitation, electricity, and 
magnetism ; and the latter into those of aggregation 
or cohesion, and chemical attraction or affinity. Many 
philosophers have supposed, and with some degree of 
plausibility, that all these varieties depend upon some 
ultimate power of matter, and may thus be feduced 
into one ; yet has no conclusive argument has been 
brought forward in support of this supposition, it is 
needless to take up the time of the reader with ideal 
speculations, even allowing that they may be correct. 

By gravitation is meant that power which draws 
the objects of the universe towards each other. The 
sublime genius of Newton, it is said, conceived the 
idea of universal attraction, from the simple incident 
of an apple falling from a tree in his garden. May 
not, he reasoned, the power which draws this apple 
to the ground with unerring certainty, be the same as 
that which regulates the movements of the celestial 
systems ? And so, following up this idea, he made a 
series of discoveries the most brilliant that ever 
adorned the annals of philosophy. He proved satis- 
factorily that what we term weight is nothing more 
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tban an instance of universal attraction, which 
decreases in intensity as we recede from the earth in 
distance. This, of course, suggested the idea that 
weight must be less on the tops of mountains, and in 
balloons, than on the sea shore, or on plains, which is 
the fact. What weighs a thousand pounds on the sea 
shore, weighs five pounds less at the tops of mountains 
of a certain height, as is proved experimentally by a 
spring^balance ; and at the distance of the moon, the 
weight or attraction towards the earth of a thousand 
pounds is diminished to five ounces. This has been 
proved by astronomical tests. 

It may be necessary, however, before proceeding 
farther, to inform the reader of the manner in which 
gravitation operates on its amplest scale, in regulating 
the movements of the unnumbered orbs which compose 
the system of the universe. All bodies have a ten- 
dency to continue in the state of motion or of rest in 
which they are put. In other words, bodies do not 
acquire motion, nor lose motion, nor change the kind 
or degree of their motion, unless some force or another 
be applied to them. This property, as it may be 
termed, is called in scientific language, the inertia of 
matter. For instance, when an arrow is shot from a 
bow, it would proceed onward through the infinity of 
space to all eternity, if some force did not curb its 
speed, and finally draw it to the earth. And what 
power is this ? Plainly, that of attraction. Besides, 
there is the resistance which the air offers to every 
body heavier than itself passing through it. Now, 
space originially was a vast vacuity, we shall suppose, 
in which there being no matter, there could exist none 
of the laws of matter. When the Divine Creator 
brought into existence our own system, to take a 
familiar instance, he placed the sun in the centre, and 
endowed it, so to speak, with power and authority 
over all the other bodies within its range ; they were 
compelled to pay obeisance to it like the surrounding 
D 2 
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sheftTes to the one in Joseph's dreun. The lesser of 
subordinate orb, may be supposed, for the sake of 
illostration, to have been hurled from the plastic bands 
of the Deity in a straightforward course, in which 
they would for ever have moved had not the sun pos- 
sessed the power of attracting them to its centre^ and 
compelling them to revolve round him. There was 
just as much attraction given as would keep them in 
their proper orbits of motion, and just that degree oi 
impetus imparted which would prevent them from 
coalescing with the sun on the one hand, or departing 
beyond the sphere of his attraction on the other. 
With what vnsdom, yet with what simplicity, have 
not the ** worlds been framed.'' To each of them tiie 
Creator has traced out its course. ** Thus far shalt 
thou go and no farther." And they cannot for a mo~ 
ment cross the boundaries He has 



"Li{htiiliigi md itonnt hlf miglity word obey* 
And planets roll where He luu marked the way." 

To this principle we are also indebted for the flux 
and reflux of the tides, which, as is well known, are 
caused by the moon's attraction. 

•' For the moon Uuovghhearen'sblne eoneave ^idea* 
And into motion diarms the expanding tidee ; 
While earth impetuous round her axle rolls. 
Exalts her watery aone« and sinks the poles." 

It is also the cause of the roundness of our earth, of 
the moon, the planets, and the sun itself. Hence it 
may be inferred that originally all matter was, to a 
certain extent, in a fluid state, and that at the divine 
command the atoms were endowed with attractive 
qualities, by which they were impelled to a common 
centre ; and thus the congregated masses assumed a 
globular form. At New South Wales, which is 
sitnated nearly opposite to England on the earth's 
surface, planets liang and stones fall towards centre the 
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of the globe just as they do here. And the people 
there are standing with their feet towards ns ; hence 
they are called our antipodes. A plnmmet suspended 
near the side of a mountain will be attracted to it in a 
degree exactly proportioned to its magnitude. This 
fiust was ascertained by Dr. Maskelyne, near the 
mountain of Shehallion, in Scotland. But the plummet 
was not so strongly attracted to the mountain as it 
was to the earth, because the magnitude of the latter 
was so much greater than that of the former. Let it 
always be kept in view that it is. size, in connection 
with distance, which determines the force of gravita- 
tion, and this may be illustrated by a few &miliar 
facts. 

A falling body receives fresh velocity every moment 
of its descent, while a body projected into the air loses 
velocity every moment of its ascent. Both propositions 
are illustrated by a very simple experiment. Sling a 
stone into the air, and the eye will be found incapable 
of following it till it has reached a certain height, 
when we can easily observe its progress. Upwards 
it rises slower and slower, and for a moment before it 
has reached, and after it has passed, its climax, there 
is scarcely any motion perceptible ; just as the tide at 
the full appears for a moment neither to ebb nor flow. 
Downwards the stone descends, however, gathering 
fresh velocity in every inch of its declination, until, as 
it approaches nearer to the earth, the eye can scarcely 
follow it. This may, no doubt, be partly accounted 
for from the well-known circumstance, that, to the 
eye, bodies seen at a distance seem to move slower 
than they do when we stand near to them. But, in 
our calculations, the fallacy arising from this circumr 
stance is comparatively trifling. The propositions 
have not only been proved by the most incontestible 
philosophical experiments, but a few familiar facts, 
when called to memory, will settle the point. Let a 
ball drop from the hand, and it can be cauglii easily 
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the first insttnt ; let it accamulate its motion, how-^ 
OTer, and the hand in Tain porsues it. Take an ex- 
ample on a larger scale — say, the cataraet of Niagara. 
Slowly and heavily the broad oolmnn of water bends 
OTor the piecipiee. It grows thinner and thinner, 
while its motion rapidly inereiseB, nntil it last it 
planges down the deep descent into the boiling golf 
below, with inresistible foroe and rapidity, carrying ali 
before it, and 

•* RlTaDlog thftUghtniB^glaiieaiBniiBaiid in •peed." 

All bodies, whatever thmr size or weight may be, 
should, firom the law previonsly laid down, fall to the 
ground with the same speed. Bat this is found not 
to be the case. Here, for instance, is a ball of lead 
and a ball oi cotton, dropped firom ^e same height at 
the same moment, and the lead has reached the earth 
some time before the cotton. At first sight this wonld 
really appear to be quite consistent with the law of 
Nature ; because there being, we shall say, a hundred 
parts more matter in the lead than in the cotton, it 
will be drawn to the earth with a hundred times more 
force, the power of gravitation being always propor- 
tionate to the quantity of matter. But again, if there 
be a hundred parts more matter in the bullet than in 
the other body, it of course requires a hundred times 
more attraction to bring it down, for bodies destitute 
of this quality, as has been fiieqnently observed, have 
no tendency to fall ; and every atom of every descrip- 
tion of matter is drawn to the earth with the same 
degree of force. What is it, then, which prevents the 
cotton firom reaching the ground at the same moment 
with the weightier body ? The resistance of the air. 
The bulks are equal, and of course the resistance 
offered to both is alike, but the one having a far greater 
number of atoms, and hence a far greater power of 
attraction in proportion to its bulk than the other, it 
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overcomes the resistance with greater ease, or, in other 
words, it has far greater strength to expend with only 
the same ohstructions to overcome, and hence it reaches 
its destination sooner. For iilastration's sake, let ns 
suppose there are two boats to start for the same goal. 
They are of equal size, and of course their bows pre- 
sent the same breadth of surface to the water, and are 
alike impeded by it. In the one boat there are two 
rowers, we shall suppose, and in the other six. They 
all pull with equal skill and power, and it is unneces- 
sary to say which boat will reach its destination first* 
But suppose the boat which had the smallest number 
of rowers were to be reduced in size, weight, and 
resistance, in a proportion which exactly counter* 
balanced the power which the other had over it, they 
would both arrive at the same time. Thus, if the 
cotton ball was reduced to the density of the lead, 
they would both reach the earth at the same time. 
The powers of attraction possessed by the two sub- 
stances, without attenuating our simile to an invisible 
thinness, may be compared to the physical energy 
exercised in the two several boats, and though the 
comparison be not perfect in some respects, it is suffi- 
ciently so in others to give a forcible illustration of the 
subject. In fine, it is found that in the exhausted 
receiver of an air-pump, that is, a glass vessel deprived 
of its air, a feather and a guinea fkll to the bottom at 
the same instant. It would not serve the end con*> 
templated, were the subject of gravitation to be pursued 
through all its labyrinths, and demonstrated by mathe- 
matical symbols. The point aimed at is rather to 
awaken a desire for philosophical study, than altogether 
to supply the materials of it. 

Very little need be said here respecting the magnetic 
and electric attractions, as they are more fully discussed 
under the titles Magneiwm and JBiectridti/y in another 
part of this volume. They act on certain bodies, or 
under peeufiar circumstances, giving rise to a distinct 
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class of phenomena. In so far as they operate on 
masses of matter at sensible distances, they coincide 
with gravitation. When certain bodies are submitted 
to fnction, they exhibit electrical attraction. If a 
dry glass rod, or a stick of sealing wax, he rabbed 
upon a piece of silk, and then presented to light bodies, 
such as bits of paper or straw, these latter are attracted 
to the other body. With respect to the magnet, it 
is universally known that it possesses the property of 
attracting steel. Its undeviating tendency to turn to a 
certain point of the earth is also well known. No 
phenomena of Nature has been more frequently pressed 
into the service of poetry, in the shape of a simile, 
than this. What poet for the last two hundred years 
has not used it? 

*' The obe^eiit steel with llTiog iaitlnet moves* 
And veen for ever to the pole it loves." 

It IS unnecessary to enter more particularly into 
these subjects at present, for the reason given above. 

We shall now turn to the other grand division of 
the subject, namely, the attraction exercised between 
particles of matter situated at short or insensible dis- 
tances from each other. Cohesive attraction is that 
power which retains atoms of the same kind together 
in masses. When two drops of the same sort of 
liquid are placed near to each other, as was remarked 
at the beginning of this article, they attract each 
other, and uniting together, form one globule. The 
roundness of the drop is caused by this attraction. 
The poet Drumraond remarks this ; — 

'* Hast thou not seen two pearls of dew 
The rose's velvet leaf adorn- 
How eager their attraction grew. 
As nearer to each other borne." 

If two globules of quicksilver on a smooth surface 
be brought near to each other, they will unite in a 
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similar manner. They have also a tendency to remain 
in tkat state, and will not separate nntil some force 
be applied. Cohesion is strongest in solids. For 
instance, a bar of iron of half an inch in diameter, or 
even less, will defy all our efforts to break it with 
the hand. In fluids the power is a great deal weaker, 
as is preyed by the ease with which we can separate 
one portion of water from another. Small needles, 
however, can be made to float on water, their weight 
not being sufficient to overcome the cohesion of the 
fluid. In the same way small insects walk on the 
surface of water without being wetted. In gaseous 
bodies, such as air, this attraction is entirely over- 
come, and a mutual repulsion exists amongst the 
particles, which is the cause of their elasticity. 
Cohesion is illustrated by the following facts : — ^When 
portions of the same sise are cut from two leaden 
bullets, and the fresh surfaces being brought into 
contact, and slightly pressed, they will unite, and 
appear as if they had been originally cast in one piece. 
Fresh-cut surfaces of India-rubber cohere in a similar 
manner. There is a species of attraction called adhe • 
rive attraction, instances of which come frequently 
under observation. If water be poured from a jug 
which has not a projecting lip, it will not fall per- 
pendicularly, but run down the outside of the vessel. 
Hence the reason of having a spout to such utensils. 
A plate of glass, when brought into contact with a 
level surface of water, adheres to it with considerable 
tenacity, and resists a separation. Pieces of wood 
floating in a pond attract each other, and remain in 
contact, and the wrecks of vessels, when the sea is 
smooth, are often found gathered together in heaps. 

There is a species of attraction called capillaryy 
which takes place under the following circumstances : 
•—when one end of an open glass tube is put into the 
water, the enclosed liquid stands above the level of 
that on the outside, and it rises always the higher the 
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smaller the bore of the iuUe is ; the surronniliDi^ glass^ 
being thus nearer to the water, attracts it more powers 
fully. A piece of lump sugar, whose lowest comer 
touches the water, soon becomes moistened through- 
out. Thus also the wick of a lamp or candle draws 
up the oil or tallow to supply combustion. The sap 
which rises from the roots to the tops of vegetables, 
though chiefly ao action of Tegetable Hie, partly 
depends on capillary attraction for its ascent. 

We come now to a most imp>ortant and interestiug 
part of the suhject— cA^mteo/ attraeiion or infinity. — 
(See also article ^^ Chemistry" in another part of this 
work.) 

There are in nature about fifty-four substances 
which are termed elements, from the impossibility of 
human skill or industry to reduce them to anything 
simpler. These elements, uniting tosether by the 
power of chemical attraction, form the mfinite variety 
of objects around us. The investigation of this sub- 
ject, from its great extent and importance, prevents us 
from doing more in this place than giving a general 
idea of it, sufficiently attractive to induce the reader 
the reader to feel interested in the science of chemistry, 
which will well repay a lengthened study of that 
important branch of scientific knowledge. 

Chemical Attractiofi is exercised between particles 
of dissimilar bodies, which, uniting, form a new sub- 
stance, possessing properties different from those of 
its ingredients. Frequently, indeed, the qualities of 
the compound are exactly the opposite of its consti- 
tuents, as in the case of water. This liquid is com- 
posed of hydrogen, one of the most inflammable bodies 
known, and oxygen, the grand supporter of combus- 
tion on the globe. Yet, when these are united, they 
form a fluid possessing qualities so totally different 
from their own, that it destroys all flame whatsoever, 
unless, indeed, the heat be so intense as to decompoi^e 
the water ; and frequently the same component parts, 
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"wlien united in different proportions, produce the most 
opposite substances. Thus, the common air that we 
breathe is composed of the very same elements as 
aquafortis. All bodies have not a chemical attraction 
for each other. Thus, oil and water, though shaken 
together, will not unite ; but if lime-water is em- 
ployed, a union takes place, and the result is a new 
compound, which is insoluble in water. Again — sul- 
phuric acid, or vitriol, will not dissolve or unite with 
gold ; but it will with copper or iron, (besides a great 
variety of other bodies,) forming in the first instance 
sulphate of copper, or blue vitriol ; and in the second, 
sulphate of iron, or copperas. Common sea-sand and 
soda, when heated, attract each other, and, combining, 
form glass. What are called acids and alkalies have 
a strong affinity for each other, and their compounds 
form a class of substances called salts, which are most 
important in the arts and manufactures. Oil of 
vitriol, and soda, for instance, combine with great 
facility, and the compound is Glauber salts. 

Thus, by the existence and exercise of this peculiar 
property of matter, are formed the endless diversity 
of substances which constitute the mass of our globe. 
It is impossible to contemplate the subject of attrac- 
tion, in general, without a feeling of religious reverence 
and awe for the Divine Being who drew the mighty 
plan — set it in motion at first, and still upliolds it. — 
But the wisdom of it is not more conspicuous than 
the benevolence. Indeed, the operations of all the 
various laws of nature are to man so many great 
sources of enjoyment. He stands, as it were, the 
centre of the system of life and nature around him. — 
What attraction is in the abstract, human sagacity 
has not yet, and probably never will nravel. The 
chain of cause and effect here breaks off, or rather 
for the present may be said to terminate, in the Deity. 

Philosophers may, however, discover a proximate 
cause, and even trace the golden links through a 
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thousand beautiful windings, but in a DiTine Creator 
they must verge at last. 



ASTRONOMY. 

THE MOTION OF THK BABTH. 

We shall commence this article by selecting that por- 
tion which most is interesting to us, the earth ; and after 
endeavouring to form a distinct idea of the part which 
it performs in the general system, proceed from thence 
to form some conception of the grandeur and immen* 
sity of the universe. Let us suppose the earth at its 
creation to have been projected forwards into universal 
space. We know that if no obstacle impeded its 
course, it would proceed in the same direction, and 
with a uniform velocity for ever ; but the attraction 
of the sun stopped its onward progress, and confines 
it to a centre. It then commenced a course which 
it has pursued ever since it first issued from the hand 
of its Creator, and which there is every reason to 
suppose it will follow as long as it remains in exist- 
ence. The earth travels round the sun, not in a circle, 
but an ellipsis, of which the sun occupies one of the 
foci; and in its course the earth alternately approaches 
and recedes from it ; so that what at first appears to 
be a dangerous irregularity, is the means by which 
the most perfect order and harmony are produced. 
The earth then travels on at a very unequal rate, its 
velocity being accelerated as it approaches the sun, 
and retarded as it recedes from it. 

The part of the earth's orbit nearest the sun is called 
its perihelion^ that part most distant from the sun its 
aphelion; and the earth is about three millions of 
miles nearer the sun at its perihelion than at its aphe-- 
lion. The reader will be surprised to learn that. 
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during the height of our summer, the earth is in that 
part of its orbit which is most distant from the sun, 
and it is during the severity of winter that it ap- 
proaches nearest to it. The difierence, hovever, of 
the earth's distance from the sun in summer and win- 
ter, when compared with its total distance from the 
sun, is but inconsiderable, for three millions of miles 
sinks into insignificance when compared with ninety- 
five minions, which is our mean distance from the 
sun. The change of temperature arisinff from this 
difference, would in itself scarcely be sensible, and it 
is completely overpowered by other causes which pro- 
duce the variations of the seasons ; but the explanation 
of these must be deferred till we have made some 
further observations on the heavenly bodies. Since 
the earth moves with the greatest velocity in that 
part of its orbit nearest the sun, it must complete its 
journey through one- half of its orbit in a shorter 
time than through the other half; and, in fact, it is 
about seven days longer in performing our summer half 
of its orbit than the winter half. The planets are 
celestial bodies which revolve round the sun, on the 
same principle, and they are supposed to resemble the 
earth also in many other respects ; and we are led by 
analogy to consider them as inhabited worlds. 

Some of the planets are proved to be larger than 
the earth ; it is only their immense distance from us 
which renders their apparent dimensions so small. 
Now, if we consider them as enormous globes, instead 
of small twinkling spots, we shall find it most con- 
sistent with our ideas of the Divine wisdom and bene- 
ficence, to suppose that these celestial bodies should 
be created for the habitation of beings who are, like 
us, blessed by his Providence. Hence, in a moral, as 
well as a physical point of view, it is most rational to 
consider the planets as worlds revolving round the 
sun ; and the fixed stars as other suns, each of them 
probably attended by its system of planets, to which 
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tbey respectively impart their influeDce. Oar tele- 
scopes are brought to such a degree of perfection, that 
from the appearances which the moon exhibits when 
seen through them, we have probable reason to con- 
clude that it is a habitable globe ; its mountains and 
valleys are very perceptible, and some astronomers 
have even imagined that they saw volcanoes in it. 

The planets which are supposed to revolve round 
the fixed stars must of course be much smaller than 
the suns which give them light; and the distance 
wliich makes these suns appear to us like stars must 
render their planets invisible; besides, the light of 
these planets would be much more feeble than that of 
the fixed stars; there would be exactly the same sort 
of difference as between the light of the sun and that 
of the moon, the first being a fixed star, the second a 
planet. 

According to the laws of attraction, the planets 
belonging to our system, all gravitate towards the 
sun ; and this force, combined with that of projection, 
occasion their revolution round the sun, in orbits more 
or less elliptical, according to the proportion which 
these two forces bear to each other. But the planets 
have also another motion : they revolve upon their 
axis. The axis of a planet is an imaginary line which 
passes through its centre, which produjes day and 
night. With that side facing the sun, it is day ; and 
with the opposite side which remains in darkness, it 
is night. Our earth, which we consider as a planet, 
is twenty- four hours in performing one revolution on 
its axis ; in that period of time therefore we have a 
day and a night. Hence this revolution is called the 
earth's diurnal or daily motion ; and it is this revolu- 
tion of the earth from west to east which produces an 
apparent motion of the sun, moon, and stars in the 
contrary direction. 
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THE PLAKETd. 

Tas planets are distinguished into primary and 
secondary. Those which revolve immediately about 
the sun are called primary. Many of these are 
attended in their course by smaller planets, which 
revolve round them; these are called secondary 
planets, satellites or moons. Such is our moon, which 
accompanies the earth, and is carried with it round 
the sun. The sun is the general centre of attraction 
to our system of planets ; but the satellites revolve 
round the primary planets, on account of their great 
proximity. The force of attraction is not only pro- 
portional to the quantity of matter, but to the degree 
of proximity of the attracting body. This power 
being weakened by diffusion, diminishes as the squares 
of the distance increase. The square is the product 
of a number multiplied by itself; so that a planet 
situated at twice the distance at which we are from 
the sun would gravitate four times less than we do, 
the product of two multiplied by itself being four. 
The more distant planets, therefore, move slower in 
their orbits ; for their projectible force must be pro- 
portioned to that of attraction. This diminution of 
attraction by the increase of distance also accounts for 
the motion of the secondarj^ round the primary planets, 
in preference to the sun ; for the vicinity of the pri- 
mary planets renders their attraction stronger than 
that of the sun. But since the attraction between 
bodies is mutual, the primary planets are also attracted 
by their satellites. The moon attracts the earth, as 
well as the earth the moon, but as the latter is the 
smaller body, her attraction is proportionally less. 
The result is, that neither the earth revolves round 
the moon, nor the moon round the earth : but they 
both revolve round a point which is their common 
centre of gravity, and which is as much nearer the 
earth than the moon, as the weight of the former 
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exceeds thai of the latter. If two bodies are fiutened 
together bj a wire or bar, their oonunon centre 6[ 
gr a f ity wfll be in the midtUe of the bar, proTided the 
bodies are of eqoal weight; and if they diffiar in 
freight, then it will be nearer the larger body. Attrac- 
tion is the tie whidi unites the earth and moon ; and 
if these bodiee had no projectile fwoe which prevented 
their mntoal attraction from biinging them together, 
they would meet at their common centre of gravity. 

The earth, then, has three different motions; it 
rerolTes nmnd the sun, upon its axis, and around the 
pmnt towards whidi the moon attracts it ; and this is 
the case with every planet which is attracted by satd- 
lites. The complicated effect of this variety of motions 
produces irregularities, which, however, it is not neces- 
sary to mention at present. The planets act on the 
sun in the same manner as they are themselves acted 
on by their satellites ; but the gravity of the planets 
(even when taken collectively,) is so trifling compared 
vnih that of the sun, that they do not cause the latter 
to move so much as one half of its diameter. The 
planets do not, ther^ore, revolve round the centre of 
the sun, but round a point, at a small distance from 
the centre, about which the sun also revolves. The 
sun also revolves on its axis. This motion is ascer- 
tained by observing certain spots which disappear and 
re-appear r^ularly at stated times. 

The great distance of the planets render their motion 
apparentiy so slow, that the eye is not sensible of their 
progress in their orbit, unless we watch than for some 
considerable length of time ; in di£ferent seasons they 
appear in different parts of the heavens. The sun is 
the common centre of the whole. 

Mercury is the planet nearest the sun ; his orbit is 
consequently contained within ours ; but his vicinity 
to the sun occasions his being nearly lost in the bril- 
liancy of his rays ; and when we see this planet, the 
sun is so dazzling that very accurate observations can- 
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not be made upon hitn. He performs his revolation 
round the sun in about eighty- seven days, which is 
consequently the length of his year ; the time of his 
rotation on his axis is not accurately known ; his dis* 
tance from the sun is computed to be thirty-seven 
millions of miles, and his diameter three thousand two 
hundred and twenty-four miles. The heat of this 
planet is so great, that water cannot exist there but 
in a state of vapour, and metals would be liquified. 

Yenus, the next in the order ot planets, is sixty- 
eight millions of miles from the sun ; she revolves 
about her axis in twenty-three hours and twenty-one 
minutes, and goes round the sun in two hundred and 
twenty-four days seventeen hours. The diameter of 
Yenus is seven thousand six hundred and eighty- 
seven miles. The orbit of Yenus is within ours; 
during nearly one half of her course in it we see her 
before sunrise, and she is called the morning star ; in 
the corresponding part of her orbit, on the other side, 
she rises later than the sun. We then cannot see her 
rising, as she rises in the day time ; but she also sets 
later, so that we perceive her approaching the horizon 
after sunset; she is then called Hespems, or the 
evening star. 

The planet next to Yenus, is the Earth, of which 
shall soon speak at length ; at present we shall 
only observe, that we are ninety-five millions of miles 
distant from the sun — ^that we perform our annual 
revolution in three hundred and sixty-five days five 
hours and forty-nine minutes — and are attended in our 
course by a single moon. 

Then follows Mars. He can never come between 
us and the sun like Mercury and Yenus ; his motion, 
however, is very perceptible, as he may be traced to 
different situations in the heavens ; his distance from 
the sun is one hundred and forty-four millions of miles ; 
he turns on his axis in twenty-four hours and thirty- 
nine minutes, and he peHorms his annual revolution 
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ia about six hundred and eighty-seven of onr days ; 
his diameter is four thousand one hundred and eighty- 
nine miles. Then fidUow four very small planets— 
Juno, Ceres, Pallas, and Yesta, which have been 
recently discovered, but whose dimensions and dis- 
tances from the sun have not as yet been very accu- 
rately ascertained. 

Jupiter is next in order. This is the largest of all 
the planets; he is about four hundred and ninety 
millions of miles distant from the sun, and completes 
his annual period in nearly twelve of our years ; he 
revolves upon his axis in about ten hours ; he is about 
one thousand four hundred times as large as our earth, 
his diameter being eighty-nine thousand one hundred 
and seventy miles. He is attended by four moons. 

The next planet is Saturn, whose distance from the 
sun is about nine hundred million of miles. His 
diurnal rotation is performed in about ten hours and a 
quarter ; his annuid revolution is nearly thirty of our 
years; his diameter is seventy-nine thousand miles* 
This planet is surrounded by a luminous ring, the 
nature of which astronomers are much at a loss to con- 
jecture. He has seven moons. 

Lastly, we observe the Georgium Sidus, discovered 
by Dr. Herschel, and which is attended by six moons. 
His numerous moons are, howeTor, far from maifi^ 
so splendid an appearance as ours ; for they csn^ t>nly 
reflect the light which they receive from the suh ; and 
both light and heat decrease in the same ratio or pro- 
portion to the distances as gravity; consequMitly, 
Saturn, which is nearly ten times the distance at which 
we are from the sun, has a hundred times less heat 
and light. To us such a climate would not be habit- 
able ; but this famishes no argument against the sup- 
position that these planets are worlds, peopled with 
beings whose bodies are adapted to the various tem- 
peratures and elements in which they are situated. 
Whether we judge from the analogy of our own earth. 
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or from that of the great and universal beneficence of 
Providence, we may readily conjecture this to be the 
case : and an inhabitant of Mercury might witli as 
much plausibility pity us for the intense coldness of 
our situation, or those of Jupiter and Saturn for our 
intolerable heat, as we can draw any inferences against 
their existence, from the circumstance that we, con- 
stituted as we are, could not live there. 

Comets are supposed to be planets. The re-appear- 
ance of some of them prove that they revolve round 
the sun; but in orbits so extremely eccentric, and 
running to such a distance from the snn, that they 
disappear for a great number of years. If they are 
inhabited it must be by a species of beings very dif- 
ferent, not only from the inhabitants of this, bntfirom 
that of any other of the planets ; as they must experi- 
ence the greatest vicissitudes of heat and cold; their 
beat at that part of their orbit nearest to the sun is 
computed to be greater than red hot iron. In this 
part of its orbit the comet emits a luminous vapour, 
called the tail, which it gradually loses as it recedes 
from the sun ; and the comet itself totally disappears 
from our sight in the more distant parts of its orbit, 
which, in most cases, extends considerably beyond that 
of the farthest planet. The number of comets belong- 
ing to our system cannot be ascertained, as some of 
them are several centuries before they make their re- 
appearance. The number that are known by their 
regular re-appearance is very small. 

The ancients, in order to recognise the fixed stars, 
formed them into groups, to which they gave the name 
of the figures delineated on the celestial globes. In 
order to show their proper situations in the heavens, 
they should be painted on the internal surface of a 
hollow sphere, from the centre of which they should 
be viewed ; they would then be seen as they appear in 
the heavens. The twelve constellations, called the 
Signs of the Zodiac, are those which are so situated, 

B 
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that the earth in its annual revolution passes directly 
between them and the sun. Their names are, Aries, 
the Bam ; Taurus, the Bull ; Gemini, the twins ; 
Cancer, the Grab ; Leo, the Lion ; Virgo, the Virgin ; 
Libra, the Balance ; Scorpio, the Scorpion ; Sagit- 
tarius, the Archer; Oapricomus, the Wild Goat; 
Aquarius, the Water carrier ; Pisces, the Fishes ; the 
whole occupying a complete circle, or broad belt, in 
the heavens, called the Zodiac. Hence, a line drawn 
from the earth, and passing through the sun, is said 
to be in that constellation at which the line terminates. 

The perfection of astronomical instruments has 
afforded the prospect of being able to determine the 
annual Parallax, and consequently the distance of the 
fixed stars ; but the quantity of deviation is so small 
as to have hitherto eluded the closest observation. It 
cannot amount to a single second in the most conspicu- 
ous, and probably the nearest of the stars. These 
luminous bodies must therefore be more distant at two 
hundred thousand times than the measure of the 
diameter of the earth. The light emitted from such 
neighbouring suns, though it flies with incredible 
rapidity, must yet travel more than six thousand years 
before it reaches the confines of our system. But 
scattered over the immensity of space, there may exist 
bodies which, by their magnitude and predominant 
attraction, retain or recal the rays of light, and are 
lost in solitude and darkness. Had the celerity of the 
luminous particles not exceded four hundred miles in 
a second, we should never have enjoyed the cheering 
beams of the sun. They would have been arrested in 
their journey, and drawn back to their source before 
they reached the orbit of Mercury. But a star similar 
to our sun, and having a diameter sixty^three times 
greater, would entirely overpower the impetus of 
light. 

Whether the apparent difference of size and brilliancy 
of the stars proceed from their various degrees of 
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lemoteDefls, or of dimeBsioD, is a point which asftrono^ 
mors are unable to ascertain. Considering them as 
sunSy we know no reason why they should not vary in 
size, as well as the planets belonging to them. 

It may, perhaps^ be objected to this system of the 
noiverse, that it is directly in opposition to the evidenoe 
of our senses, to which it is plain and obvious that the 
earth is motionless, and that the sun and stars revolye 
round it. But our senses, or at least the inferences 
we draw from them, too often mislead us, for us to 
place implicit reliance on them. When sailing on the 
.water with a Tery steady breese, the houses, trees, 
and eyery object appear to move, whilst we are insen- 
sible of the motion of the vessel in which we sail. It 
is only when some obstacle impedes our motion, that 
we are conscious of moving ; and were you to dose 
your eyes while sailing on iolm water, with a steady 
wind, you would not perceive that you moved, for 
you could not feel it, and you could only see it by 
observing the change of place of the objects on shore. 
So it is with the motion of the earth : everything on 
its surface, and the air that surrounds it, accompanies 
it in its revolution — ^it meets with no resistance, there- 
fore we are insensible of motion. 

The apparent motion of the sun and stars affords us 
the same proof of the earth's motion, that the crew of 
a vessel has of tlieir motion from the apparent motion 
of the objects on shore. Imagine the earth to be 
sailing round its axis, and successively passing by 
every star, which, like the objects on land, we suppose 
to be moving, instead of ourselves. In balloons, the 
earth appears to sink beneath the baUoon, instead of 
the balloon rising above the earth. 

It is a law which we discover throughout Nature, 
and worthy of its great Author, that idl its purposes 
are accomplished by the most simple means. We 
have no reason to suppose this law infringed in order 
that our earth may remain at rest, while the sun and 
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Stan moTe round us : their regular motions, which 
are ezpUuned by the laws of attraction, on the first 
supposition, would be unintelligible on the last, and 
the order and harmony of the universe be destroyed. 
What an immense circuit the sun and stars would 
make daily, were their apparent motions real ! We 
know many of them to be bodies more oonsideral^ 
than our earth ; for our eyes vainly endeavour to per- 
suade us, that they are little brilliants sparkling in the 
heavens, while science teaches us that they are immense 
spheres, whose apparent dimensions are diminished by 
distance. If the heavenly bodies revolved round our 
earth in twenty-four hours, the centrifugal force im* 
plied in so rapid a motion would be quite destructive; 
and no power can be assigned which would be sufficient 
to balance it ; grindstones, driven by machinery, in 
manfactories, have been known to fly in pieces from 
their great velocity. Why then should these enormous 
globes traverse such an immensity of space, merely to 
prevent the necessity of our earth revolving on its 
axis ? The motion produced by the revolution of the 
earth on its axis is about thirteen miles and a half in 
a minute, to an inhabitant of London. A person at 
the equator moves much quicker ; and one situated 
near the poles much slower, since they each perform 
a revolution in twenty-four hours. But in performing 
its revolution round the sun, every part of the earth 
moves with an equal velocity, and this velocity is no 
less than a thousand miles in a minute. 

In ancient times, the earth was supposed to occupy 
the centre of the system; and the sun, moon, and 
stars to revolve around it. This was the system of 
Ptolemy; but so long ago as the beginning of the 
sixteenth century it was discarded, and the solar sys- 
tem such as we have shown was established by the 
celebrated astronomer Copernicus and his followers, 
and is hence called the Copemican system. But the 
the theory of gravitation, the source whence this 
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beautiful and harmonious arrangement flows, we owe 
to the powerful genius of Sir Isaac Newton, who 
lived at a much later period. 

It is far less difficult to trace by observation the 
motion of the planets, than to divine hy what power 
they are impelled and guided. The idea of gravitation, 
it is said, was first suggested to Sir Isaac Newton, by 
a circumstance firom which one should little have 
expected so grand a theory to have arisen. During 
the prevalence of the plague in the year 1065, New^ 
ton retired into the country to avoid the contagion. 
When sitting one day in his orchard, he observed 
an apple fall from a tree, which led to a train of 
thought whence his grand theory of gravitation waa 
ultimately developed. His first reflection was whe* 
ther the apple would fall to the earth, if removed to 
a great distance from it ; then, how far it would cease 
to be attracted ; would it retain its tendency to fall 
at the distance of a thousand miles, or ten thousand^ 
or to the distance of the moon ? And here the idea 
occurred to him, that it was not impossible the moon 
herself might have a similar tendency, and gravitate 
to the earth in the same manner as the bodies en or 
^ear its surfiice, and this gravity might possibly be in 
the power which balanced the centrifugal force im- 
plied in her power in her orbit. It was natural, then, 
to extend this idea to the other planets, and consider 
them as gravitating towards the sun, in the same 
manner as the moon gravitates towards the earth. 
He followed up this beautiful hypothesis, by a series 
of calculations and demonstrations unparalleled for 
their originality, and the industry and judgment with 
which they were conducted, until he established the 
stupendous doctrine of universal gravitation ! Who 
would imagine that the simple circumstance of the 
fall of an apple would have led to such magnificent 
results? It is the mark of superior genius to find 
matter for observation and research in circumstances 
E 2 
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which, to the ordinary miad, appear trivial, because 
they are common, and with whicli they are satisfied 
because they are natural, without reflecting that 
Nature is our grand field of observation — that within 
it is contained our whole store of knowledge : in a 
word, that to study the works of Nature, is to learn 
to appreciate and admire the wisdom of God. Thus 
it was the simple circumstance of the fall of an apple 
which led to the distovery of the laws upon which 
the Copemican system is founded ; and whatever 
credit this system had obtained before, it now rests 
upon a basis from which it cannot be shaken. 

THB BABTH. 

In explaining the effects resulting from the earth's 
annual and diurnal motion, it is necessary that the 
reader should understand the terrestrial globe. This 
globe represents the earth. The line which passes 
through its centre, and on which it turns is the axis ; 
and the two extremities of the axis are the poles, dis- 
tinguishad by the names of the north and south poles. 
The circle which divides the globe into two equal 
parts between the poles is called the equator or equi- 
noctial line ; that part of the globe to the north of the 
equator is the northern hemisphere ; that part to the 
south of the equator, the southern hemisphere. The 
small circle, which surrounds the north pole, the 
antarctic circle. There are two immediate circles 
between, the polar circles and the equator, — that to 
the north, called the tropic of Cancer ; that to the 
south, called the tropic of Capricorn. Lastly, this 
circle which divides the globe into two equal parts, 
crossing the equator, and extending northward as far 
as the tropic of Cancer, and southwards as far as the 
tropic of Capricorn, is called the ecliptic. 

The spaces, between the several parallel circles on 
the terrestrial globe, are called zones ; that which is 
comprehended between the tropics is distinguished by 
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ihe name of the torrid zone ; the spaces which extend 
from the tropics to the polar circles^ the north and 
south temperate zones ; and the space contained within 
the polar circles the frigid zones. 

The several lines which are drawn from one pole to 
the other, cutting the equator at right angles, are 
called meridians. When any one of these meridians 
is exactly opposite the sun, it is mid- day, or twelve 
o'clock in the day, with all the places situated on 
that meridian ; and with the places situated on the 
opposite meridian, it is consequently midnight. To 
places situated equally distant from these two men* 
dians, it is six o'clock. If they are to the ea^t of the 
sun's meridian, it is six o'clock in the afternoon, be* 
cause the sun will have previously passed over them ; 
if to the west, it is six o'clock in the morning, and 
the sun will be proceeding towards that meridian. 

Those circles which divide the globe into two equal 
parts, such as the equator and the ecliptic, are called 
great circles — to distinguish them from those which 
divide it into two unequal parts, as the tropics and 
polar circles, which are called small circles. All 
circles are divided into three hundred and sixty equal 
parts called degrees ; and these degrees into sixty 
equal parts called minutes. 

Besides the usual division of circles into degrees, 
the ecliptic is divided into twelve equal parts, called 
signs, which bear the name of the constellations 
through which tl|is circles passes in the heavens. The 
degrees measured on the meridians from north to 
south, or south to north, are called degrees of latitude ; 
those measured from east to west on the equator, or 
any of the lesser circles parallel to it, are called degrees 
of longitude ; these circles are called parallels of lati- 
tude, because being everywhere at the same distance 
from the equator, the latitude of every point contained 
in any one of them is the same. 

The degrees of longitude must necessarily vary in 
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length according to the dimensions of the circle on 
on which they are reckoned ; those, for instance, at 
the polar circles, will be considerably smaller than 
those at the equator. The degrees of latitude, on the 
contrary, never vary in length, the meridians on which 
they are reckoned being all of the same dimensions^ 
The length of a degree of latitude is sixty geographical 
miles, which is equal to sixty nine and a half English 
statute miles. The degrees of longitude at the 
equator would be of the same dimensions were the 
earth a perfect sphere, but its form is not exactly 
spherical, being somewhat protuberant about the 
equator, and flattened towards the poles. This form 
proceeds from the superior action of the centrifugal 
power at the equator. The revolution of the earth 
on its axis gives every particle a tendency to fly off 
from the centre. This tendency is stronger or weaker 
in proportion to the velocity with which the particle 
moves. Now a particle situated near one of the 
polar circles, makes one rotation in the same space of 
time as a particle at the equator ; the latter therefore 
having a much larger circle to describe, travels pro- 
portionally faster, consequently the centrifugal force is 
much stronger at the equator than at the polar circles: 
it gradually decreases as you leave the equator and 
approach the poles, where, as there is no rotatory 
motion, it entirely ceases. Supposing therefore, the 
earth to have been originally in a fluid state, the 
particles in the torrid zone would recede much farther 
from the centre than those in the* frigid zone ; the 
polar regions would become flattened, and those about 
the equator elevated. According to the same rule, 
our heads move with greater velocity than our feet ; 
and on the summit of a mountain, our velocity is 
greater than in a valley ; for the head is more distant 
from the centre of motion than the feet — the mountain 
top than the valley. Even at the equator, however, 
the force of gravity preponderates very considerably, 
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being at the equator two hundred and eighty eight 
times greater than the centrifugal force. 

It would be natural to suppose that the prominence 
at the equator and depression at the poles would 
render the attraction of gravity stronger at the former; 
80 that a body would weigh heavier at the equator 
than at the poles. This, however, is erroneous. The 
manner in which the force of gravity varies, at dif- 
ferent spots on the surface of the earth, depends on 
considerations too complicated to be here explained ; 
but the general result is that, although the difference 
in different situations is very small, the nearer any 
part of the surface is to the centre of attraction, the 
more strongly it is attracted. We refer, however, 
only to any situation on the surface of the earth 
Were you to panetrate into the interior, the attraction 
of the parts above you would counteract that of the 
parts beneath yon, and consequently diminish the 
power of gravity in proportion as you approached 
the centre; and if you reached the point, being 
equally attracted by the parts all around you, gravity 
would cease, and you would be without weight. 
Bodies therefore gravitate less, and consequently 
weigh less, at the equator than at the poles, while 
their centrifugal force is much greater ; and as this 
force tends to drive bodies from the centre, it is 
necessarily opposed to, and must decrease tho power 
of gravity. There are then two causes which render 
bodies lighter in weight at the equator than at the 
poles — ^the diminution of gravitation, and the increase 
of the centrifugal force. 

We shall now explain the variation of the Seasons, 
and the difierenoe of the length of the days and 
nights in those seasons — both effects resulting from 
tlie same cause. In moving round the sun, the 
axis of the earth is not perpendicular to the plane of 
its orbit; in other words, its axis does not move 
round the sun in an upright position, but slanting or 
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oblique. Ib the midst of aominer, the globe is 
ntoated at what is called the SDrnmer 8o]stioe» which 
iaon the 2l8tof Jane. The MNrth pole is then indined 
towards the aim, and the northen hemiapliere enjoys 
much more of its rays than the southern. The sun 
now shines oyer the whole of the north frigid aone ; 
and notwithstanding the earth s diurnal reTolotion, it 
will continue to shine upon it as long as it ivmains in 
this situation, whilst the south firigid none is at tho 
same time completely in obsenrity. 

Let the earUi now set off firsm ks position in the 
summer solstice, and cany it round the sun : obserro 
that the axis must always be inclined in the same 
direction, and the north pole point to the same spot 
in the heayens. There is a fixed star situated neav 
that spot — ^which is h«sce called the North Polar 
Star. The earth has now gone through one quarter 
of its orbit, and is arrived at that p«nt at which the 
ediptic crosses the equator, and whidi is called the 
autumnal equinox. The son now shines from one 
pole to another, as it would constantly do were the 
axis of the earth perpendicular to its orbits the incli- 
nation of the axis bong now ndther towards the sun 
nor in the contrary direction. At this period of the 
year the days and nights are equal in cTcry part of 
the earth, excepting at the very poles ; but the next 
step she takes in his oibit inVolves the north pde in 
darkne^ while it illumines that of the south. This 
change was gradually preparing as the earth moved 
from summer to autamn ; the arctic cirde b^;in8 to 
have short nights, which increase as the earth ap- 
proaches the autumnal equinox; and the instant it 
passes that point, the long night of the north pole 
commences, and the south pole burins to enjoy the 
light of the sun. As the earth proceeds in its orbit, 
the days shorten, and the nights lengthen, througbont 
the northern hemisphere, until it anives at the winter 
solstice^ on the 21st of December, when the nortb 
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frigid zone is entirely in darkness, and the sonthern 
enjoys unintermpted daylight. Exactly half of the 
equator, it will be observed, is enlightened in every 
position, and consequently the day is there always 
equal to the night. 

The inhabitants of the torrid zone, it may be 
observed, have much more heat than we have, as the 
Min's rays fall perpendicularly upon them, while they 
shine obliquely on the temperate, and almost hori" 
zontally on the frigid zone ; for during their long day 
the sun moves round at no great elevation above their 
horizon without either rising or setting; the only 
observable difference is, that it is more elevated by a 
few degrees at midday than at midnight ; but at the 
poles themselves, the sun travehi round in the course 
of twenty-four hours nearly at the same elevation from 
the horizon, rising every day a very little higher from 
the vernal equinox till midsummer, and declining 
alter that period till the autumnal equinox, when 
their long night begins. 

To a person placed in the temperate zone, as we are 
in England, the sun's rays will shine neither so 
•bliqudy as at the poles, nor so vertically as at the 
equator ; but will fiiU upon him more obliquely in 
autumn and winter than in summer. Therefore, the 
iahabitants of the earth between the polar circles and 
Uie equator will not have merely one day and one 
night in the year, as happens at the poles ; nor will 
they have equal days and equal nights, as at the 
equator ; but their days and nights wUl vary in length 
at the different times of the year, according as their 
respective poles incline towards or from the sun, and 
the difierence will be greater in proportion to their 
distance from the equator. During the other half of 
her orbit, the same effect takes place in the southern 
hemisphere, as what we have just remarked in the 
northern. When the earth arrives at the vernal 
equinox, where the ecliptic again cuts the equator, on 
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the 22nd of March, she is sitnated with respect to. 
the sun, exactly in the same position as in the autumnal 
equinox, excepting that it is now autumn in the 
southern hemisphere, whilst it is spring with us ; for 
the half of the glohe which is enlightened extends, 
exactly from one pole to the other : the sun rises to 
the north pole and sets to the south pole. On the* 
two days of the eqninox the sun is Tisible at both 
poles ; but only half of it is seen from either, the 
other half being concealed by the horizon. 

The sun is nearly three of our days in rising and 
setting at the poles. About thirty hours, or rather 
more, before he reaches the exact period of the 
autumnal equinox, the upper edge or limb of the sun 
begins to be visible at the south pole ; and it is there 
seen constantly travelling round the horizon, and gra- 
dually rising higher and higher, till at the end of 
about sixty hours, after revolving nearly two and a 
half times round the horizon, the whole of its orb is. 
visible. 

At the same moment that the edge of the sun be- 
comes visible at the soutli pole, the same edge which 
appears as the lower limb at the north pole, begins to 
dip below the horizon ; but the sun still continues 
visible, travelling round the horizon, more and more 
of it being hid, till at the end of sixty hours, it totally 
disappears, just at the same moment when it is fully 
seen at the south pole. As the earth proceeds towards 
summer, the days lengthen in the northern hemisphere, 
and shorten in the southern, till the earth reaches our 
summer solstice, which brings it again to the spot 
whence we first accompanied him. 

The mind can find no object of contemplation moro 
sublime than the course of this magnificent globe, im- 
pelled by the combined powers of projection and 
attraction to roll in one invariable course around the 
source of light and heat ; and what can be more de- 
lightful tlian the beneficent effects of this vivifying 
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power on its attendant planet ? It is at once tlie 
grand principle which animates and fecundates Nature, 

The sun's rays a£Pbrd less heat when in an oblique 
direction than when perpendicular, because few of 
tlieni fall upon an equal portion of the earth. This 
accounts for the greater heat of summer, as the sun 
shines less obliquely in summer than in winter. But 
there is also another reason why oblique rays give less 
heat than those which are perpendicular ; the former 
have a greater portion of the atmosphere to traverse ; 
and though it is true that the atmosphere is itself a 
transparent body, it does not admit the passage of the 
sun's rays quite freely; and besides it is always loaded 
more or less with dense and foggy vapour, which the 
rays of the sun cannot easily penetrate ; therefore the 
greater tlio quantity of atmosphere the sun's rays have 
to pass through in their way to the earth, the fewer 
of them will reach it. 

The diminution of heat, morning and evening, is 
also owing to the greater obliquity of the sun's rays ; 
and as such, they are affected by both the causes 
which have just been explained. The difficulty of 
passing through a foggy atmosphere is more particu- 
larly applicable to tliem, as mists and vapours are 
very prevalent about the time of sunrise and sunset. 
But the diminished obliquity of the sun's rays is not 
tlie sole cause of the heat of summer ; the length of 
the days greatly conduces to it ; for the longer the 
sun is above the horizon, the more heat he will com- 
municate to the earth, and yet, though both the 
longest days, and the most perpendicular rays are 
on the 2ist of June, the greatest heat prevails in July 
and August. To account for this, you must reflect, 
that those parts of the earth, which are once heated, 
retain the heat for a considerable length of time ; and 
the additional quantity they receive occasions an ele- 
vation of temperature, although the days begin to 
shorten, and the sun s rays to fall more obliquely. For 

F 
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the same reason we have generally more heat at thre« 
o'clock in the afternoon than at twelve when the sun 
is in the meridian. As long as the sun continues to 
communicate more heat than the earth parts with in 
a given time, so long the heat of the earth will increase, 
even though the rate at which it receives new heat 
from the sun is diminished. 

There is one more observation to make relative to 
the earth's motion, which is, that although we have 
but 865 days and nights in tlie year, she performs 
366 complete revolutions on her axis during that time. 
This is owing to the progressive motion of the eartli 
in its orbit, whilst it revolves on its axis : as it 
advances almost a degree westward in its orbit, in the 
same time that it completes a revolution eastward on 
its axis ; it must revolve nearly one degree more, in 
order to bring the same meridian back to the sun. 
These small daily portions of rotation are each equal 
to the three hundred and sixty* fifth part of a circle, 
which at the end of the year amounts to one complete 
rotation. If the earth, then, had no other than its 
diurnal motion, we should have 366 days in the year ; 
or rather we should have 366 days in the same period 
of time that we now have 365 ; for if we did not 
revolve round the sun, we should have no natural 
means of computing years. 

In regard to time, we must add, that the earth's 
diurnal motion, on an inclined axis, together with its 
annual revolution in an elliptic orbit, occasions so 
much complication in its motion as to produce many 
irregularities: therefore true equal time cannot be 
measured by the sun. A clock which was always 
perfectly correct, would in some parts of the year be 
before the sun, and in other parts after it. There are 
but four periods in which the sun and a perfect clock 
would agree, which are, the 15th of April, the 16tii of 
June, the 31 st of August, and the 24th of December. 
The greatest difference between sular time and ima 
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time nntonnis to between fifteen and sixteen tninntes. 
Tables of the equation of time are constructed for the 
purpose of pointing out and correcting these differences 
between solar and equal meantime, which is the deno- 
mination given by astronomers to true time. 

THE MOON. 

Let us now turn our attention to the moon. This 
satellite revolves round the earth in the space of 
twentj-seven days eight hours, in an orbit nearly 
coinciding with the plane of the earth's orbit, and 
accompanies us in our revolution round the sun. Her 
motion, therefore, is of a complicated nature ; for as 
the earth advances in her orbit whilst the moon goes 
round her^ the moon proceeds in a sort of progressive 
circle. There are also other circumstances which 
interfere with the simplicity and regularity of the 
moon's motion, but which are too intricate for us to 
notice in our limited space* 

The moon always presents the same face to us, by 
which it is evident that she turns but once upon her 
axis while she performs a revolution round the earth ; 
80 that the inhabitants of the moon have but one day 
and one night in the course of a lunar month. Since 
we always see the same hemisphere of the moon, the 
inhabitants of that hemisphere alone can perceive the 
earth. One half of the moon, therefore, enjoys our 
light every night, while the other half has constantly 
nights of darkness ; and we appear to the inhabitants 
of the mooti under all the changes or phases which the 
moon exhibits to us. 

When the moon is full, she is said to be in opposi- 
tion-^when a new moon, to be in conjunction with 
the sun. At each of these times, the sun, the moon, 
and the earth are in the same right line ; but in the 
first case, the earth is between the sun and the moon ; 
in the second, the moon is between the sun and the 
earth. An eclipse can take place only when the sun. 
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moon, and earth are in a right line. When the mootk 
passes hetween the sun and the earth, she intercepts 
his rays, or, in other words, casts a shadow on the 
earth ; then the san is eclipsed, and the daylight gives 
place to darkness, while the moon's shadow is passing 
oyer us. When, on the contrary, the earth is hetween 
the sun and the moon, it is we who intercept the sun's 
rays, and cast a shadow on the moon ; she then 
disappears from our view, and is eclipsed. 

Why then, it may he asked, have we not a solar 
and a lunar eclipse every month ? 

The planes of the orhits of the earth aud the mootit 
do not exactly coincide, hut cross or intersect each 
other ; and the moon generally passes on either one 
side or the other when she is in conjunction with, eif 
in opposition to, the sun, and therefore does not inter- 
cept the sun's rays, or cause an eclipse; for this can take 
place only when the earth and moon are in conjunction 
near those parts of their orbits which cross each other 
(called the nodes of their orbits), because it is then 
only that they are both in the same plane, and in a 
right line with the sun. A partial eclipse takes place 
when the moon, in passing by the earth, does not 
entirely escape her shadow. When the eclipse hap- 
pens precisely at the nodes, they are not only total, 
but last for some length of time. 

When the sun is eclipsed, the total darkness is con» 
fined to one particular part of the earth, where the 
moon is above the horizon. 

When the moon eclipses the sun to us, the earth is 
eclipsed to the moon ; for if the moon intercepts the 
sun s rays, and casts a shadow on us, we must neces- 
sarily disappear to the moon, but only partially — a 
black spot will appear to pass over the earth. 

In the distant planets, few days elapse without an 
eclipse taking place; for among the number of the 
sntelhtes, one or other of them is continually passinff 
into the shadow of the planet, or between the plan4 
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and the sun. Astronomers are so well acquainted 
t^ith the motion of the planets and their satel- 
litesy that they have calculated not only tlie eclipses 
of our moon, but those of Jupiter, with sucli 
perfect accuracy, that it has afibrded a means of ascer- 
taining the longitude. When, as on land, we know 
where we are situated, there is no difficulty in ascer- 
taining the latitude or longitude of the place, by re- 
ferring to a map ; but tlie question is, to find out our 
situation when we do not know where we are; for 
instance, at sea, interrupted in our course by storms, 
a map would afford no assistance in discovering where 
we were. The latitude may be found by taking the 
latitude of the pole : that is to say, observing the 
number of degrees that it is elevated above the hori- 
zon, for the pole appears more elevated as we approach 
it, and leas as we recede from it. It is true that the 
pole is not visilde to us ; bnt the north pole points 
constantly to one particular part of the heavens, near 
which a star is situated, called the Polar Star. The 
altitude of the polar star is therefore nearly the same 
number of degrees as that of the pole ; and this star 
is visible in clear nights from every part of the north- 
em hemisphere, it furnishes an easy mode of ascer- 
taining the latitude in all that half of the world. The 
latitude may be more accurately determined by other 
observations, which may be made on the sun, or any 
of the fixed stars ; the situation, therefore, of a vessel 
at sea, with regard to north and south, is easily ascer- 
tained. The difficulty is respecting east and west — 
that is to say, its longitude. As there are no eastern 
poles from which we can reckon our distance, some 
particular spot must be fixed upon for that purpose. 
The English reckon from the meridian of Greenwich, 
where the Royal Observatory is situated ; in French 
mapS) the longitude is reckoned from Paris. 
. The rotation of the earth on its axis in twenty-four 
faoursy from west to east, occasions, as we have 



90 PANORAMA. OF SCIENCB. 

already seen, an apparent motion of the sun and 
fitara in the contrary direction, and the sun appears to 
go ronnd the earth in the space of twenty- four hours, 
passing over fifteen degrees, or a twenty-fourth part 
of the earth's circumference every hour ; therefore, 
when it is twelve o*clock in London, it is one o'clock 
in any place situated fifteen degrees to the east of 
London^ as the sun must have passed the meridian of 
that place an hour hefore he reaches that of London. 
For the same reason, it is eleven o'clock in any place 
situated fifteen degrees to the west of London, as the 
sun will not come to that meridian till an hour later. 
If, then, the captain of a vessel at sea could know 
precisely what was the hour at London, by looking 
at his watch, and comparing it with the hour of the spot 
in which he was, he could ascertain the longitude. For 
this purpose he must be furnished with two watches — 
the one daily regulated by the sun, and the other un- 
altered. The former would indicate the hour of the 
place in which he was situated, and the latter the hour 
of London; and by comparing them together, be 
would be able to calculate his longitude ; but the best 
watches are liable to imperfections, and should the 
time-keeper go too slow, there would be no means of 
ascertaining the error : implicit reliance, therefore, 
cannot be placed upon them. 

Recourse is had, therefore, to the eclipses of Jupiter's 
satellites. A table is made of the precise time at 
which the several moons are eclipsed to a spectator at 
London. When they appear eclipsed to a spectator 
in any other spot, he may, by consulting the table, 
know what is the hour at London ; for the eclipse is 
visible at the moment firom whatever place on the 
earth it is seen. He has then only to look at the 
watch which points out the hour of the place in which 
he is, and by observing the difference of time there 
and at London, he may immediately determine his 
longitude. 
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Let us suppose that a certain moon of Jupiter is 
always eclipsed at &ix o'clock in the evening at^ 
London, and that a man at sea consults his watch, 
and finds that it is ten o'clock at niglit, where he is 
situated, at the moment the eclipse takes place ; he 
would be sixty degrees east of London ; for the sun 
which (apparently) travels fifteen degrees an hour, 
must have passed his meridian four hours before it 
reaches that of London ; for tins reason the hour is 
always later in London when the place is east longi- 
tude, and earlier when it is west longitude. Thus 
the longitude can be ascertained whenever the eclipses 
of Jupiter's mo^ns are visible. 

The longitude shows on what meridian you are 
situated, and the latitude on what part of that meri- 
dian ; therefore, when you can ascertain both these, 
you diseover the very spot in which you are situated. 
But it is not only the secondary planets which produce 
eclipses, for the primary planets near the sun eclipse 
him to those at a greater distance, when they come 
in conjunction ia the nodes of their orbits ; but as the 
primary planets are much longer in performing their 
course round the sun, than the satellites in going 
round their primary planets, these eclipses very seldom 
occur. 

Mercury and Venus have, however, passed in a 
right line between the earth and tlie sun, but being at 
so great a distance, their shadows did not extend so 
far as the earth. No darkness was therefore produced 
on any part of our globe ; but the planet appeared 
like a small black spot passing across the sun's disc : 
this is called a transit of the planet. It was by the 
transit of Yenus that astronomers were enabled to 
calculate, with some degree of accuracy, the distance 
of the earth from the sun, and the dimensions of the 
latter. 

The tides are produced by the attraction of the 
muon. The cohesion of fluids being much lesi^ than 
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tliat of polid bodies, they roore easily yield to ttie 
power of gravity ; in consequence of which the waters 
immediately below the moon are drawn up in a 
protuberance, producing a full tide, or what is 
commonly called high- water, at the spot where it 
happens. According to this theory, it would be 
imagined that w^e should have the full tide only once 
in twenty- four hours — that is, every time that they 
were below the moon — while we find that we have 
two tides in the course of the twenty- four hours, and 
that it is high water with us and with our antipodes 
at the same time. 

The influence of the sun on the tides is less than 
that of the moon ; for observe, that the tides rise in 
consequence of the moon attracting one part of the 
waters more forcibly than another part : it is this 
inequality of attraction which produces full and ebb 
tides. Now the distance of the sun is so great, tbat 
the whole globe of the earth is cooaparatively but as a 
point, and the difference of attraction for that part of 
the waters most under its influence, and that part 
least subject to it, is but trifling; no part of the 
waters will bo much elevated above, or much 
depressed below, their general surface, by its action. 
The sun has, however, a considerable effect on the 
tides, and increases or diminishes them as it acts in 
conjunction with, or in opposition to, the moon. 

I'he moon is a month in going round the earth : 
twice during that time, therefore, at full and at 
change, she is in the same direction as the sun. 
Both these act in conjunction, on the earth, and pro- 
duce very great tides, called spring-tides; but when 
the moon is in the intermediate parts of her orbit, the 
sun, instead of affording assistance, weakens her 
powers by acting in opposition to it ; and smaller tides 
are produced, called neap-tides. 

Since attraction is mutual between the moon and 
the earth, we produce tides in the moon ; and these 
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are more considerably in proportion as our planet is 
larger. Neither the moon nor the earth in reality 
assumes an oyal form, for the land which intersects 
the water destroys the regularity of the effect. The 
orbit of the moon being nearly parallel to that of the 
earth, she is never vertical but to the inhabitants of 
the torrid zone ; in that climate, therefore, the tides 
are greatest, and they diminish as you recede from it, 
and approach the poles ; but in no part of the globe 
Is the moon immediately above the spot where it is 
high-tide. All matter, by its inertion, offers some 
resistance to a change of state ; the waters, therefore, 
do not readily yield to the attraction of the moon, and 
the effect of her influence is not complete until some 
time after she has passed the meridian. 

The earth revolves on its axis in about twenty- 
four hours : if the moon were stationary, therefore, 
the same part of the globe would every twenty-four 
hours return beneath the moon ; but as during our 
daily revolution the moon advances in her orbit the 
earth must make more than a complete rotation, in 
order to bring the same meridian opposite the moon : 
^e are three-quarters of an hour in overtaking her. 
The tides, therefore, are retarded, for the same reason 
that the moon rises later, by three-quarters of an 
hour, every day. This, is only the average amount 
of the retardation. The time of tlie highest tide is 
modified by the sun's attraction, and is between those 
of the tides which would be produced by the separate 
action of the two luminaries. The action of the sun, 
therefore, makes the interval different on different 
days, but leaves the averagement unaffected. 
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MECHANICS. 

OS Tax LAWS or motion, amb TBS cesTBX or 

GRATITT. 

Thb adenee of Meduunes is founded on the laws of 
molion; ii will therefore be neoeaBary to explain 
these laws before we examine the mechanical powers. 
Motion consista in a change of place. A body is in 
motion whenever it is changing its situation with 
r^ard to a fixed point. Now, as oae of the general 
properties of bodies is inertia, that is, an entire pas- 
siveness either with regard to motion or rest, it follows 
that a body cannot move without being pot into mo- 
tion: the power whidi pnt a body into motion is 
called force; thus the stei^e of the hammer is the 
force which drives the nail ; the polling of the hone 
that which draws the carriage. Crravitation i^ the 
force which occasions the fiiU of bodies ; cohesion that 
which binds the particles of bodies together; and 
heat, a force which drives them asnnd^. The motioo 
of a body acted npon by a single force is always in a 
straight line^ in the direction A which it received the 
impulse. 

The rate at which the body moves, or the length of 
time which it takes to move firom one place to another, 
is caUed its Telocity ; and it is one of the laws of 
motion that the velocity of the moving body is pro- 
portional to the force by which it is pnt in motion. 
The velocity of a body is called abtoUUA, if we con- 
sider the motion of the body in space, without any 
reference to that of other bodies. When, for instance, 
a horse goes fifty miles in ten hours, his velocity is 
^le miles an hour. It is termed reUuice^ when com* 
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pared with that of another body winch is still in mn- 
tiou. Tims a man sailing in a ship may remain at 
rest relatively to the vessul, though he partakes of its 
absolute motion ; but if he walk the deck in the same 
direction as that in which the ship is sailing, his abso- 
lute motion will be increased bjT'the rate at which he 
moves along, and his relative motion will be the dif^ 
furence between his own absolute motion and that of 
the ship. So if two carriages go along the same road 
kk th« same direction, their relative velocity will be 
the difference of their absolute velocities ; if in oppo- 
site directions, the same. If they start from the same 
point, along two roads, making an angle with each 
other, their relative motion will be measured by their 
distance, in a straight line, from each of the other 
after a given time, and the direction of that line. 
The absolute velocity of a body is measured by the 
space 0¥er which it moves, in some particular time, 
selected as the standard ; the velocity per hour, for 
instance, would be shown by dividing the number of 
miles travelled over by the number of hours occupied 
in the journey. Thus — if you travel one hundred 
miles in twenty hours, and wish to know what is your 
velocity, you divide one hundred by twenty, and tlie 
answer will be five miles an hour. We say, also, that 
space is equal to the velocity multiplied by the time ; if 
your velocity be three miles an hour, and you travel 
six hours, you will have gone in all a space of eighteen 
miles. 

Uniform motion is that of a body which passes 
over equal spaces in equal times. It is produced by 
a force having acted on a body once, and having ceased 
to act, such as the stroke of a bat on a cricket- ball. 
But it may be said that the motion of a cricket-ball 
is not uniform, its velocity gradually diminishing till 
it falls to the ground. In answer to thfs objection, 
you must observe that the ball is inert, having no 
more power to stop than to put itself in motion ; if it 
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fall, therefore, it must be stopped hy some force supe- 
rior to that by which it was projected ; and this force 
id gravity, which coanteracts, and finally overcomes 
that of projection. If neither gravity nor any other 
force (such as the resistance of the air or friction of 
the ground) opposed its motion, the cricket-ball, or 
even a stone thrown by the hand, would proceed on- 
wards in a right line and with a uniform Telocity for 
ever! Yet we have no example of perpetual motion 
on the surface of the earth ; because the causes referred 
to ultimately destroy all motion, whether produced 
by natural or artificial means. 

When we study the celestial bodies, we find that 
Nature abounds with examples of perpetual motion, 
and that it conduces as much to the harmony of the 
system of the universe, as the prevalence of it would 
be to the destruction of all stability on the surface of 
the globe. Providence has therefore ordained insur- 
mountable obstacles to perpetual motion here below ; 
and tliough these obstacles often compel us to contend 
with great diificulties, yet the general result is, that 
order, regularity, and repose, so essential to the pre- 
servation of the various beings of which this world is 
composed. 

Retarded motion is produced by some force acting 
on a body in a direction opposed to that which first 
put it in motion, and this gradually diminishes its 
velocity. 

Accelerated motion is produced when the force 
whicli put a body in motion continues to act upon it 
during its motion, so that its velocity is continually 
increased. Let us suppose, that the instant a stone is 
let full from a high tower, the force of gravity were 
annihilated : the stone would nevertheless descend ; 
for a body having once received an impulse, will not 
stop (unless some obstacle impede its course), but 
move on with a uniform yelocity« If, then, the force 
of gravity be not destroyed after having given the first 
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impulse to the stone, but continues to act on it during 
the whole of its descent, it is easy to understand that 
its motion will be thereby accelerated. Let us sup- 
pose that the impulse given by the gravity to the 
stone during the first instant be equal to one ; the 
next instant we shall find that an additional impulse 
gives the stone an additional velocity equal to one ; so 
that the accumulated velocity is now equal to two ; 
the following instant another impulse increases the 
velocity to three, and so on till the stone reaches the 
ground. The spaces described in a given time follow 
a law slightly different ; for it has been ascertained 
both by experiment and calculations, that heavy 
bodies descending from a height by the force of gra- 
vity, fall sixteen feet in the first second of time, three 
times that dbtance in the next, five times in the third 
second, seven times in the fourth, and so on, regularly 
increasing both their velocities and the spaces described 
according to the number of seconds during which the 
body has been falling. Thus the height of a building, 
or the depth of a well, may be measured by observing 
the length of time which a stone takes in falling from 
the top to the bottom. 

If a stone be thrown perpendicularly upwards, it is 
the same length of time ascending that it is descend- 
ing. In the first case the velocity is diminished by 
the force of gravity ; in descending it is accelerated 
by it. The force of projection given to a body in 
moving it upwards is equal to the force with which 
it strikes the ground when it descends again ; and this 
latter force is the effect produced by gravity during 
the time of its fall. If a stone be thrown upwards 
gently, it will not rise high, and gravity will soon 
make it descend ; if thrown with violence, it will rise 
higher, and gravity will be longer in bringing it back 
to the ground. Suppose that it be thrown with a force 
which will make it rise only sixteen feet, in that case 
it will fall in one second of time. Now it is proved, 
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by experinient, that sn impalse requisite to project a 
bcidy sixteen feet upwards, will make it ascend that 
height in one second ; here, then, the times of the 
ascent and descent are equal. But snppoee it to be 
required to throw a stone twice that height, the force 
must be greater. Then the impulse of projection in 
throwing a body upwards, is equal to the accumulated 
effect produced by grayity during its descent; and it 
is the greater or less distance to which the body rises, 
that makes these balance each other, for it gives more 
time for the force of gravitation to act. 

The Momentum of bodies is the force of power 
with which a body in motion would strike against 
another body, so as to set the latter in motion. The 
momentum of a body is composed of its weight, 
multiplied by its velocity. The quicker a body 
moves, the greater will be the force with which it will 
strike another body ; so that a small light body may 
have a greater momentum than a heavy one, provided 
its yeloeity be sufficiently great. For instance, the 
momentum of an arrow shot from a bow is greater 
than that of a stone thrown by the hand. We know 
also, by experience, that the heavier a body is the 
greater is its force ; if it acts in other respects under 
tiie same circumstances, therefore, the whole power 
or momentum of a body is composed of these two 
properties. But why should not these be added 
together, instead of being multiplied by one another ? 
It is found, by experiment, that if the weight of a 
body be represented by the number 3, and its velocity 
also by 3, its momentum will be as 9; not 6, as would 
be the case were these figures added, instead of multi- 
plied together. The same conclusion may very easily 
be deduced by reasoning. If two bodies, one of one 
pound weight, the other of two, have the same velo- 
city, the moving force of the second, or its momentum, 
is double that of its first. If third body also of two 
pounds^ move with three times the velocity of the 
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second, its momeDtum, the weights in this case being 
equal, is three times that of the second. But the 
momentum of the second is twice that of the first, 
therefore the momentum of the third is six times that 
of the first. By thus dividing the process, and 
looking first to the effect of a change of the velocity, 
and afterwards to that of the change of weight, it 
becomes evident that these effects are to be multiplied 
together. 

The Redaction of bodies is the next law to be ex- 
plained. When a body in motion strikes against 
another body, it meets with resistance, the resistance 
of the body at rest will be equal to the blow struck by 
the body in motion ; or, in philosophical language, 
action and re-action will be equal, and in opposite 
directions. 

The most striking experiments on these subjects are 
made with elastic bodies. Elasticity is a property, by 
means of which bodies that are compressed return to 
their former state. If you bend a cane, as soon as it 
is at liberty, it recovers its former position ; if you 
press your finger on your arm, as soon as you remoye 
it, the fiesh, by virtue of its elasticity, rises and de- 
stroys the impression. Of all bodies, those in the 
form of air or gas are the most eminent for this pro- 
perty. Hard bodies are in the next degree elastic : 
if two ivory or metallic balls be struck together, the 
parts at which they touch will be flattened, but uo 
mark is perceptible, their elasticity instantly destroy^ 
ing all trace of it. If, however, a very small spot of 
ink be placed on one of the balls at the point of con- 
tact, it will be found after the contact to have spread, 
and will thus show that there has been compression. 
Soft bodies, which easily retain impressions, such as 
clay, wax, tallow, butter, &c., have very little elasticity. 

The cause of elasticity is not well ascertained. Elas- 
ticity implies susceptibility of compression, and the 
Boceptibility of compression depends upon the porosity 
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of the bodies ; for were there no pores or spaces be- 
tween the particles of matter of which a body is com- 
posed, it could not be compressed. But we must not 
hence infer, that bodies whose particles are most dis- 
tant from each other are most elastic. Elasticity 
implies not only susceptibility of compression, but the 
power of resuming its former state after compression. 
The pores of such bodies as ivory and metals are 
invisible to the naked eye ; but it is well ascertained 
that gold, one of the most dense of all bodies, is exter- 
nally porous, and that its pores are sufficiently large to 
admit water, under great pressure, to pass through 
them. In cork, sponge, and bread, the pores form 
considerable cavities; in wood, and many kinds of 
stone, when not polished, they are perceptible to the 
naked eye ; whilst in ivory, metals, and most var- 
nished and polished bodies, they cannot be discovered^ 
To give an idea of the extreme porosity of bodies. Sir 
Isaac Newton conjectured that if the earth were sa 
compressed as to be absolutely without pores, its< 
dimensions might possibly not be more than a cubia 
inch. 

Birds, in flying, strike the air with their wings ;: 
and it is the re> action of the air which enables then» 
to rise or advance forwards. The force with which 
their wings strike against the air must equal tho 
weight of their bodies, in order that the re-action of 
the air may be able to support that weight ; the bird 
will then remain stationary. If the stroke of the 
wings be greater than is required merely to support 
the bird, the re-action of the air will make it rise ; i€ 
it be less, it will descend. The lark sometimes 
remains with its wings extended, but motionless ; in 
this state it drops rapidly into its nest. A bird ex- 
pands his wings vvhen he gives the stroke, the re-action 
of which is to impel him onward, and contracts them 
when in the opposite direction. The swimming of" 
fishes is on the same principle ; their fins are expanded. 
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and contracted in a like manner ; and a man swim* 
ming strikes his hands out to produce the re-action 
which impels him forward, and turns them edgeways 
to lessen the effect of the contrary re- action. In 
rowing a boat, the oars are lifted out of the water 
every stroke, so as completely to prevent any re- 
action in a backward direction ; and even in moving 
them through the air they are turned edgeways, or 
feathered, as it is called, from its resemblance to the 
action of the feathers of a bird in flying. 
. Let us now return to the subject of re-action, on 
we have some further observations to make. It is 
reaction being contrary to action which produces r^- 
Jlected motion. If you throw a ball against a wall, it 
rebounds; this return of the ball is owing to the 
re-action of the wall against which it struck, and is 
called reflected motion. A ball filled with air re- 
bounds better than one stufled with bran or wool, for 
the elasticity of the air re-acts after compression. If 
the ball be thrown pependicularly against the wall, it 
returns straight towards the hand, though the action 
of gravity draws it downwards before reaching it ; 
but if thrown obliquely upwards it rebounds still 
higher. We use the term perpendicular in preference 
to the more familiar word straight, because straight is 
a general term for lines in all directions, which are 
neither curved nor bent, and is, therefore equally ap- 
plicable to oblique or perpendicular lines. A perpen- 
dicular has always a reference to something towards 
which it is perpendicular; that is to say, that it 
inclines neither to the one side nor the other, but 
makes an equal angle on either side. 

We shall now proceed to circular motion : this is 
the result of the action of two forces on a body, by 
one of which it is projected forward in a right line, 
whilst by the other it is continually directed towards 
a fixed point. For instance, if I whirl a ball fastened 
to my hand v/ith a string, the ball will have a circular 
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motion, becaose it ia acted on by two forces, that I 
give it, which represents the force of projection, and 
that of the string, which confines it to my hand. If 
daring its motion I were suddenly to cat the string, 
the hall wonld fly off in a straight line ; being released 
fn>ni confinement to tlie fixed point, it would be acted 
on but by one force, and motion produced by one force 
is always in a right line. When a mop is trundled, 
the thieads fly from the centre ; but being confined to 
it at one end, they cannot part from it ; whilst the 
water they contain is thrown off in straight lines. In 
the same way, the flyers of a windmill, when put in 
motion by the wind, would be driven straight forward 
iu a right line, were they not confined to a fixed point, 
round which they are compelled to moYe. The point 
to which the motion of a small body, such as the ball 
with the string, is confined, becomes the centre of its 
motion, for it may be considered as moving in the 
same plane or flat surface. But when a body is not 
of a size or shape to allow of our considering every 
part of it as moving in the same plane, it revolves 
round a line, which is called the axis of motion. In 
a top, for instance, when spinning on its point, the 
axis is the line which passes through the middle of it, 
perpendicularly to the floor. The axle of the sails of 
a windmill is ihe axis of its motion. The centre of 
motion is not always in the middle of a body. 

The middle point of a body is ealled its centre of 
magnitude, that is, the centre of its mass or bulk. 
Bodies have also anothi^ centre, called the centre of 
gravity, which shall be explained ; but at present, we 
must confine ourselves for a short time longer to the 
axis of motion. This line remains at rest, while all 
the other parts of the body move round it ; when a 
top is spun, the axis is stationary, whilst every other 
part is in motion round it. A tcip, it is true, has also 
generally a motion forwards, besides its spiduing mo- 
tion ; and then no point within it can be at rest. But 
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^tiat is said of the axis of motion ; that is to motion 
round a line, and not to that which a body may have 
at the same time in any other direction. 

There is one circumstance in circular motion, which 
must be carefully attended to ; it is, that the further 
any part of a body is from the axis of motion, the 
greater is its velocity : as you approach that line, the 
velocity of the parts gradually diminishes till you 
reach the axis of motion which is perfectly at rest. The 
extremities of the flyers of a windmill move over a 
much greater space than the parts nearest the axis of 
motion. 

The force which confines a body to a centre, round 
which it moves, is called the centripetal force; and the 
power which impels a body to fly from the centre is 
called the centrifugal force ; in circular motion these 
two forces balance each other ; otherwise the revolving 
body would either approach the centre or recede from 
it, according as the one or the other prevailed. And 
should any cause destroy the centripetal force, the 
centrifugal force would impel the body to fly off from 
the centre. Tt would not, however, fly off in a right 
line from the centre, but in a right line in the direc« 
tion it was moving at the instant of its release : if a 
stone whirled round in a sling, gets loose, it flies off at 
a tangent. This force would, therefore, with more 
propriety, be called the tangential than the centrifugal 
force, or rather, the inertia of the body which inclines it 
to move in the direction of the tangent is the tangen- 
tial force. But motion in the direction of the tangent 
would remove the body further from the centre, and 
that part of its force which tends to produce motion 
thus away from the centre is called the centrifugal 
force. 

If a ball be thrown in a horizontal direction, it is 
acted on by no less than three forces ; the force of 
projection first given to it ; the resistance of the air 
tlirough which it passes; and the force of gravity 
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vrhich finally brings it to the ground. Gravity and 
the resistance of tne air act continually ; and as tlie 
whole effect produced by them is always so great as 
to overpower any force of projection we can communi- 
cate to a body, the latter is gradually overcome, and 
the body brought to the ground ; but the stronger the 
projectile force, the longer will these powers be in sub- 
duing it. A shot fired from a cannon, for instance, 
will go much further than a ball thrown by the hand. 
Bodies thus projected described a curved line in their 
descent. If the forces of projection and of gravity 
both produced uniform motion, the ball would move 
in the diagonal of a parallelogram, but the motion 
produced by the force of projection by gravity is 
accelerated ; and it is this acceleration which brings 
the ball sooner to the ground, and makes it &11 in a 
curve instead of a straight line. 

We have not taken notice of the resistance of the 
air, which much complicates these results in practice. 
The principles of its operation may easily be under- 
stood from the mode is which the the other forces 
act ; but the degree and manner in which it modifies 
their effects cannot be shown without much difficulty 
and intricacy of explanation. It is, however, suf- 
ficiently plain that this resistance increases with the 
velocity of the ball, for the particles of air react on the 
ball in proportion to the stroke they receive from it ; 
so that if the force of projection be doubled, the resist* 
ance of the air is doubled also ; nor is this all — ^for in 
doubling the velocity of the ball, it passes through 
twice the quantity of air in the same time, and re- 
ceives twice the resistance from each particle ; the 
whole of the resistance must therefore be four times as 
great as in the first instance. And if the velocity of 
the ball be tripled, it will pass through three times 
the quantity of air; will strike each particle with 
three time the force, and receive three times the re- 
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action ; which, summed up, will make nine times the 
resistance. 

The shortest moc(p of calculating the resistance is to 
multiply the velocity by itself; thus, if the velocity 
be three, multiply it by three, and the product will be 
nine. The product of a number multiplied by itself 
is called its square. 

The curve line which a ball describes, if the re- 
sistance of the air be not taken into consideration, is 
called in geometry a parabola. But when the ball is 
thrown perpendicularly upwards, it will descend per- 
pendicularly ; because the force of projection, and that 
of gravity, are in the same line of direction. 

We noticed the centres of magnitude and of motion, 
but we have not as yet explained what is meant by 
the centre of gravity. It is that point about which all 
the parts of a body exactly balance each other, in 
every position of the body ; if therefore, that point is 
supported, the body will not fall. Were any other 
point of the body alone supported, the surrounding 
parts no longer balancing each other, the body would 
fall on the side at which the parts are heaviest ; there- 
fore, whenever the centre of gravity is unsupported, 
the body must fall. This sometimes happens with an 
over-loaded waggon winding up a steep hilll, one side 
of the road being higher than the other. It is 
dangerous, when a boat is in any risk of being upset, 
for the passengers to rise suddenly ; this is owing to 
their raising the centre of gravity, and thus increasing 
the chance of throwing it out of the line of direction. 
When a man stands upright, the centre of gravity is 
supported by his feet. If he lean on one side, he will 
no longer stand firm« A rope-dancer performs all his 
feats of agility, by dexterously supporting his centre 
of gravity ; whonever he finds himself in danger of 
losing his balance, he shifts the heavy pole, which he 
iiolds in his hands, in order to throw the weight to- 
wards the side that is deficient ; and thus, by changing 
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the situation of the centre of gravity^ restores hiM 
equilibrium. 

A stick is balanced on the point of the finger, by 
supporting its centre of gravity ;* and it is for want 
of this support that spherical bodies roll down a slope« 
A sphere being perfectly round, can pass the slope 
but by a single point, and that point is not perpendi-^ 
cularly under the centre of gravity, which therefore is 
not supported. The centre of gravity, in this case, 
coincides with the centre of magnitude ; but when 
one part of the body is composed of heavier materials 
than another part, the centre of gravity, beins the 
centre of the weight of the body, will generally no 
longer correspond with the centre of gravity, though 
it may accidentally do so. 

Bodies having a narrow base are easily upset, for if 
they are the least inclined, their centre is no longer 
supported. A person carries a single pail of water 
with great difficulty, owing to the centre of gravity 
being thrown much on one side, and the opposite arm 
is stretched out, to endeavour to bring it back to its 
original situation. But two pails, one hanging on 
each arm, are carried with much greater facility, 
because they balance each other. 

When two bodies are fastened together by a rod, 
they are to be considered as forming but one body.-^ 
If the two bodies be of equal weight, the centre of 
gravity will be in the centre of the line which unites 
them, but if one be heavier than the other, the centre 
of gravity will be proportionably nearer the heavy 
body than the light one. 

ON THE MECaAKlCAL I'OWBfiS. 

The mechanical powers are six in number, one dr 
more of which enters into the composition of every 
machine. The iever^ the ptUley^ the wheel and axle, 
the inclined plane^ the wedge^ and screw. 

in order that we may understand the power of a 
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machine, there are four things which claim our consi- 
deration. 

Ist. The power that acts : this consists in the effect 
of men or hosses — of weigh t, springs, steam, &c. 

2nd. The resistance which is to be overcome by 
the power; this is generally a weight to be moved. 
The effect of the power acting in the manner which in 
each particular cast it is applied, must always be 
superior to the resistance, otherwise the machine 
could not be put in motion. Fur instance, were the 
resistance of a carriage equal to the strength of the 
horses employed to draw, they would not be able to 
make it move. 

drdly. We are to consider the centre of motion, 
or, as it is termed in mechanics, the fulcrum, which 
means a prop; this is the point about which all parts 
of the body move : and, 

Last. The respective veloicities of the power, and of 
the resistance. 

Wo shall first examine the power of the lever. The 
lever is an inflexible rod or beam, that is to say, one 
which will not bend in any direction. For instance, 
the steel rod to which a pair of scales is suspended is 
a lever, and the point by which it is suspended, called 
the prop or fulcrum, is also the centre of motion. The 
two parts of a lever, divided by a fulcrum, are called 
its arm. Now, both scales being empty, they are of 
the same weight, and consequently balance each other. 
We have previously stated, tliat when two bodies of 
equal weight were fastened together, the centre of 
gravity would be in the middle of the line that con- 
nected them ; the centre of gravity of the scales must, 
tiierefore, be in the middle between them, as the ful- 
crum is, and this being supported, the scales balance 
each other. 

We must bear in mind, that if a body be suspended 
by that point in which the centre of gravity is situated, 
it will remain at rest in any po:»itiun indifferently; 
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which is not the case with this pair of scales, for when 
we hold them inclined, they instantly regain their 
eqailibriam ; the reason of this is, that the centre of 
suspension, instead of exactly coinciding with that of 
gravity, is a little above it ; if, therefore, the equili- 
brium of the scales be disturbed, .the centre of gravity 
moves in a small circle round the point of suspension, 
and is therefore forced to rise, and the instant it is 
restored to liberty it descends, and resumes its situa- 
tion immediately below the point of suspension, when 
the equilibrium is restored. It is this property which 
renders the balance so accurate an instrument for 
weighing goods. If the scales contain different 
weights, the centre of gravity will be re moved towards 
the scale which is heaviest, and being no longer sup- 
ported, the heaviest scale will descend. The fulcrum 
of the balance is moveable ; the lever may be taken 
off the prop and fastened on in another point, which 
then becomes the fulcrum. In this case the equi-*^ 
librium is destroyed ; the longest arm of the lever is 
the heaviest, ani descends. The centre of gravity is 
not supported because it is no longer immediately 
below the point of suspension ; but if we can bring 
the centre of gravity immediately below the point, as 
it is now situated, the scales will again balance each 
other. Now if a heavy weight be placed in the soaie^^ 
suspended to the shortest arm of the lever, and a 
lighter one into that suspended by the loifgesfl^arm, 
equilibrium will be restored. It is not, therefore, 
itnpractioable to make a heavy body balance a light 
one ; and by this means, an imposition in the weight 
of goods is very frequently effected by dishonest 
dealers, as a weight of ten or twelve ounces might 
thus be made to balance a pound of goods. An inge- 
nious balance, called a steelyard, has been invented on 
the principle that a weight increases in effect, in pro- 
porti(m to its distance from the fulcrum. In this 
uiachine, for instance, a single pound weight answers 
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tbe purpose of weighing any quantity of goods, simply 
by moving it along tbe lever ; for in proportion as it 
recedes from the fulcrum, it v/ill balance five, ten, 
twenty, fifty, or perhaps even as many as a hundred 
pounds weight. The hook by which the instrument 
is suspended, forms the fulcrum ; it is, for instance, 
two inches distant from the basin which is to contain 
the articles to be weighed, while the opposite arm 
of the lever extends two feet ; a small weight is sus- 
pended to it, and the graduations on the lever indicate 
the different p5wers of this weight, according to the 
situation which it occupies on tbe long arm of the 
lever ; when pushed to the extremity, a weight of five 
pounds is equivalent to sixty pounds placed in the 
basin. The same steelyard, when suspended by a 
second hook, which divides the lever with less inequa-* 
lity, and corresponds with another scale of graduation, 
is used for weighing smaller quantities of goods, and 
the same weight, when hung at the extremity, may be 
equal to twenty pounds placed in the basin. 

Let us now return to the balance, and divesting it 
of the basins, consider the lever simply. In this state 
the fulcrum is no longer in the line of direction of the 
centre of gravity, but it is, and must ever be, the centre 
of motion, as it is the only point which remains at rest 
while the other parts move about it. When a lever 
is put in motion, the longest arm, or acting part of tlie 
lever, must move with greater velocity than the 
shortest arm, or resisting part of the lever, because it 
is farthest from the centre of motion. When two boys 
ride on a plank drawn over a log of wood, the plank 
becomes a lever, the log which supports it the fulcrum, 
and the two boys the power and the resistance at each 
end of the lever. When the boys are of equal weight, 
the plank must be supported in the middle to make 
the two arms equal; if they differ in weight, the 
plank must be drawn over the prop so as to make the 
arms unequal, aud tlie lightest boy to be placed at the 
o 



110 t>ANORAMA OF f^CIENCE. 

extremity of the longest arm, in order that the greater 
Telocity of his motion may compensate for the superior 
gravity of his companion, so as to render their momen- 
turns equal. Bnt we know that the action of the 
power must be greater than the resistance, in order to 
put the machine in motion. For this purpose, each 
boy at his descent touches the ground with his feet, 
and the support he receives from it diminishes his 
weight, and enables his companion to raise him ; thus 
each boy alternately represents the power and the 
weight, and the two arras alternately perform the 
junction of the acting and the resisting part of the 
lever. 

A lever, in moving, describes the are of a circle, for 
it can move only around the fulcrum or centre of 
motion. It would be impossible for one child to rise 
perpendicularly, or for the other to descend in a 
straight line; they describe arcs of their respective 
circles ; and you may judge from the different 
dimensions of the circle how much greater the velocity 
of the little child must be than that of the bigger oik*. 
Enormous weights may be raised by levers of this 
description, for the longer the acting part of the lever 
in comparison to the resisting part, the greater is the 
effect produced by it; because the greater is the 
velocity of the power compared to that of the weight. 
You may have seen a heavy snow-ball thrown over, 
by thrusting the end of a long stick beneath the ball, 
and resting it against a log of wood, or any other 
object which may give it support, near the end in 
contact with the snow-ball. The stick in this case is 
a lever ; the support, the prop or fulcrum ; and the 
nearer the latter is to the residence, the more easily 
will the power be able to move it. 

There are three different kinds of levers ; in tlie 
first, which comprehends the several levers we have 
been describing, the fulcrum is between the power and 
the weight. When tlic fulcrum is situated equally 
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between the power and the weight, as in the balance^ 
ilie power must be greater than the weight, in order 
to move it ; for nothing can in this case be gained by 
velocity. The two arms of the lever being equal, the 
velocity of their extremities must be so likewise. The 
balance is, therefore, of no assistance as a mechanical 
power, but it is extremely useful to estimate the 
respective weights of bodies. But when the fulcrum 
of a lever is not equally distant from the power and 
the weight, and that in amount, though greater in 
effect, the power acts at the extremity of the longest 
arm, it may be less than the weight, its deficiency 
being compensated by its superior velocity ; as we 
observed in the case of the boys and the see-saw. 
Therefore, when a great weight is to be raised, it 
must be fastened to the shortest arm of the lever, and 
the power applied to the longest arm ; but if the case 
will admit of putting the end of the lever under the 
weight, no fastening will be required, as you may 
perceive by stirring the fire. The poker is a lever of 
the first kind ; the point where it rests against the 
bars of the grate, whilst stirring the fire, is the 
fulcrum ; the shortest arm, or resisting part of the 
lever, is imployed in lifting the weight, which is the 
coals, and the hand is the power applied to the 
longest arm, or acting part of the lever. A pair of 
scissors is an instrument composed of two levers united 
in one common fulcrum ; the point at which the two 
levers are screwed together is the fulcrum ; the 
handles to which the power of the fingers are 
applied, are the extremities of the acting part of the 
levers, and the cutting part of the scissors, are the 
resisting jtarts of the levers ; therefore, the longer the 
longer the handles, and the shorter the points of the 
scissors, the more easily will they cut. Thus, when 
pasteboard, or any hard substance is to be cut, that 
part of the scissors nearest the screw, or rivet, is used. 
Snuffers, and most kinds of pincers, are levers of a 
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mtnilar description, the p'eat force of wlifcli constntff 
in the rei»i«tin^ part of the lever being Tcry short in 
comparison of tlie acting part* 

In levers oi the second kind, the weight, instead of 
being at one end, is situated between the power and 
the fulcrum* In moving it, the velocity of the 
power must necessarilj' be greater than that of the 
weight, as it is more distant than the centre of 
motion. Let us toke, for example, a snow-ball 
moved bjr means of a lever of the second order, as 
well as by one of the first. The end of the stick that 
is thrust under the ball rests on the ground, which 
becomes the fulcrum ; the ball is the weight to be 
moved, and the power, tlie hands applied to the other 
end of the lever. In this instance, there is an immense 
diflTerenee in the length of the arms of the lever, the 
weight being almost close to the fulcrum, and the 
advantage gamed is proportionaL Fisliermen's boats 
are thus raised from the ground to be launched into 
the sea, by means of slippery pieces of board, which 
are thrust under the keel. The most common example 
that we have of levers of the second kind is in the 
difors of our apartments ; in these the hinges represent 
tlie fulcrum, the hand, the power applied to the other 
end of the lever, and the door, or rather its inertia, is 
the weight which occupies the whole of the space 
between the power and the fulcrum. 

Tlie whole weight and inertia of the door may be 
regarded as collected into its centre of gravity ; that 
is to say, the resistance of the door is the same that 
would be offered by a force equal to the inertia of the 
door, and passing throogh its centre of gravity. 
Another very common instance is found in an oar : 
the blade is kept in the same place by the resistance 
of the water, and becomes the fulcrum ; the resistance 
is applied where the oar passes over the gunwale of 
the boat, and the hands at the handle are the power. 
Nut-crackors are double lovers of this kind : the hinge 
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is the falcrum, the nut the resistance, and the handle 
the power. 

In levers of the third kind, the fulcrum is also at 
one of the extremities, the weight or resistance at the 
other, and it is now the power that is applied hetween 
the fulcrum and the resistance. Thus the fulcrum, 
the weight, and the power, each in its turn occupies 
some part of the lever between its extremity. But in 
this third kind of lever, the weight being farther from 
the centre of motion than the power, the difficulty of 
raising it, instead of being diminished, is increased. 
Levers of this description are used when the object is 
to produce great velocity. The aim of mechanics, in 
genera], is to gain force, by exchaoging it for time ; 
but it is sometimes desirable to produce great velocity 
by an expenditure of force. The treddle of a common 
turning lathe affords an example of a lever of the third 
kind employed in gaining time, or velocity, at the 
expense of force. A man, in raising a long ladder 
perpendicularly against a wall, cannot place his hands 
on the upper part of the ladder ; the power, there- 
fore, is necessarily placed nearer the fulcrum than the 
weight, for the hands are the power, the ground the 
fulcrum, and the ladder the weight ; which, as in the 
case of a door, may be considered as collected in the 
centre of gravity of the ladder, about half way up, 
and consequently beyond the point where the hands 
are applied. Nature employs this kind of lever in the 
structure of the human frame. In lifting a weight 
with the hand, the lower part of the arm becomes a 
lever of the third kind ; the elbow is the fulcrum ; 
the muscles which move the arm, the powers ; and 
as these are nearer to the elbow than the hand is, it 
is necessary that the power should exceed the weight 
to be raised. 

It may perhaps be matter of wonder that Nature 
should have furnished us with such levers, but the 
disadvantage is more than compensated by the con-- 
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veoieDoetesiiliuig firoai the s tni c ture of the arm. It 
is of mote oomeqaenoe that we should be able to more 
our limbs nimbly, than that we shoald be able to 
orereome great lesistaiiee, for it is eompazatiTely 
seldom that we meet with great obstacles, and when 
we do, thej can be OTeroome by ait. Beudes, the 
Creator baa endowed the muscular fibres with pro- 
digioos strength, so that upoo the whi^ this kind of 
lerer is best adapted to enable the arm to per form its 
Yarions fnnctioDs. 

We will now direct omr attention to the PuU^^ 
which is the second mechanical power. It is a cir- 
cohur flat piece of wood or metal, with a string mn- 
ning in a gnjOTO round it, by means of which a weight 
may be pnUednp. Tbns pulleys are used for drawing 
np cortatos, the sails of a ship, ke. When the pulley 
is fixed, it does not increase the power to raise the 
weight. It is evident, therefore, that the power must 
be greater than the weight, to more it. A fixed 
pulley is useful, therefore, only in altering the direc- 
tion of the power, and its most frequent application 
is to make us draw np a weight by drawing down 
the string connected with the pulley. But the moTe- 
able pulley affords mechanical assistance. The band 
which sustains a cask by means of a cord going over 
the moTeable pnlley, does it more easily than if it 
held the cask suspended to a cord without a pulley ; 
for the fixed book, to which one end of the cord is 
fastened, bearing one half of the weight of the cask, 
the hand has only the other half to sustain. Now it 
is evident, that the hook affords the same assistance 
in raiding as in sustaining the cask, so that the hand 
will only hare one half the weight to raise. Bat 
observe, that the velocity of the hand must be double 
to that of the cask ; for in order to raise the latter 
one inch, the hand mast draw the two strings one 
inch each ; the whole string being shortened two 
inches, while the cask is raised only one. Thus the 
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advantage of a moveable pulley consista in dividing 
the difficulty ; twice the length of string, it is true, 
inust be drawn, but only half the a|rength is required 
which would be necessary to raise the weight without 
snoh assistance : so that the difficulty is overcome in 
the same manner as it would be by dividing the weight 
into two equal parts, and raising them successively. 
It may perhaps be objected to pulleys, that a longer 
time is required to raise a weight with their aid than 
without it ; that is true ; for it is a fundamental law 
in mechanics, that what is gained in power is lost in 
time; this applies not only to the pulley, but to 
the lever, and all the other mechanical powers. It 
would be wrong, however, to suppose that the loss 
was equivalent to the gain, and that we derive no ad- 
vantage from the mechanical powers ; for since it is 
entirely beyond our power to augment our bodily 
strength, it must be admitted that science is of the 
greatest utility, that enables us to reduce the resist- 
ance or weight of any body to tlie level of our strength. 
This we accomplish by dividing the resistance of a 
body into parts which we can successively overcome : 
and if it require a sacrifice of time to attain this end, 
we must be very sensible how very advantageously it 
is exchanged for power. The greater the number of 
pulleys connected by a string, the more easily the 
weight is raised, as the difficulty is divided amongst 
the number of strings, or rather of parts into which 
the string is divided by the pulleys. Several pulleys 
thus connected form what is called a system, or tackle 
of pulleys. They may be seen suspended from cranes, 
to raise goods into warehousess, and in ships, to draw 
up the sails. Here both the advantages of an increase 
of power and a change of direction are united ; for 
the sails are raised up the masts by the sailors on 
deck, from the change of direction which the pulley 
effi.*cts ; and the labour is facilitated by the mechanical 
power of a combination of pulleys. Pulleys are fre- 
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qnendj connected, boih far nsatical and other par- 
poses : bat in whateTer manner pailejs are connected 
hy a eingle atring^^the meclianicU power is the same 
io its principle. 

The wheel and axle is the third mechanical power. 
Let OS suppose the weight to be a backet of water in 
a well, which is to be raided hy winding the rope, to 
which it is attached, roond the axle ; if this be done 
without a wheel to torn the axle, no mechanical 
astfistanoe is reoeiTcd. The axle withoot a whed is 
as impotent a« a siogle fixed pnlley^ or a lerer, whose 
folcram is in the centre ; hot add the wheel to the 
axle, and joa will immediately find the backet is 
rallied with much less difficohj. The axle acts the 
part of the shorter arm of the lerer, the wheel that 
of the longer arm. The Telocity ai the cirenmference 
of the whed is as much greater than that of the axle, 
as it 19 farther from the centre of motion ; for the 
wheel describes a large circle io the same space of 
time that the axle describes a small ime, therefore the 
power 18 increased in the same proportion as the cir- 
caoiference of the whed is greater than that of the 
axle. If the Telocity of the wheel were twelre times 
greater than that of the axle, a power nearly twelTO 
times less than the weight of the backet woald be able 
to raise it. Instead of a whed, there is more commonly 
attached to the axle a crooked handle, which answers 
the same purpose. For the branch of the handle 
which is united to the axle represents the spoke of a 
wheel, and is as efiectoal as an entire one ; the other 
branch affords no mechanical aid, merely serring as a 
handle to turn the wheel. Wheels are a Tery essen- 
tial part of machines. Tbey are employed in Tarious 
ways ; but when fixed to the axle, their mechanical 
power is always the same ; that id, as the circumfer- 
ence of the wheel exceeds that of the axle, so much 
will the energy of the power be increased. In mills 
and manufactories, no person sees, without admiring. 
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tlie immense ivheel, the revolution of wliicli puts 
the whole of the machinery into motion ; and though 
90 great an effect is produced bj i^, a horse or two 
has sufficient power to turn it; bat the steam-engine 
is both the most powerful and the most convenient 
mode of turning the wheel. We have the advantage 
sometimes of a gratuitous force, such as a stream of 
water, to turn tlie wheel of a water-mill ; and the 
wind which acts upon the sails of a windmill. One 
of the great benefits resulting from the use of ma- 
cliinery is, that it gives us, as it were, a sort of empire 
over the powers of nature, and enables us to make 
them perform that labour which would otherwise fall 
to the lot of man. When a current of wind, a stream 
of water, or the expansive force' of steam performs our 
task, we have only to superintend and regulate their 
operations. 

The fourth mechanic power is the Inclined Plans, 
This is nothing more than a gentle slope or declivity, 
frequently used to facilitate the drawing up of weights. 
It is not difficult to understand, that a weight may 
with much greater ease be drawn up a slope than it 
can be raised the same height perpendicularly. But 
in this as well as the other mechanical powers, the 
facility is purchased by a loss of time. 

The Wedffe^ which is the next mechanical power, 
is composed of two incined planes; it is frequently 
used by wood*cutters to cleave wood. Tlie resistance 
consists in the cohesive attraction of the wood, or any 
other body which the wedge is employed to separate ; 
and the advantage gained by this power is in propor- 
tion of half its width to its length. The wedge, 
however, acts principally by being struck, and not by 
mere pressure : the proportion stated is that which 
expresses its power when acting by pressure only. 

All cutting instruments are constructed upon the 
principle of the inclined plane, or the wedge. Those 
that have but one edge sloped, like the chisel, may be 
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referred to the inclioed plane; whibt the axe, the 
hatchet, and the knife (when used to chop or split 
asunder), act on the principle of the wedge. But a 
knife cuts best when drawn across the substance it is 
to divide, as it is used in cutting meat, for the edge of 
a knife is really a very fine saw, and therefore acts 
best when nsed like that instrument. 

The Screw which is the last mechanical power, is 
much more complicated than the others. It is com- 
posed of two parts, — the screw and the nut. The 
screw is a cylinder, with a spiral protuberance coiled 
round it, called the thread, the nut is perforated to 
contain the screw ; and the inside of the nut has a 
spiral groove, made to fit the spiral spiral thread of 
the screw; just like the lid of a box which screws 
on. The handle which projects from the nut is a 
lever, without which the screw is never used as a 
mechanical power. The nut, with a leyer attached 
to it, is commonly called a winch. The power of the 
■screw complicated as it appears, is referable to one of 
the most simple of the mechanical powers, the inclined 
plane. If a slip of paper be out in the form of an 
inclined plane, and wound round a pencil, which will 
represent the cylinder, it will describe a spiral line 
corresponding to the spiral protuberance of the screw. 
The nut then ascends an inclined plane, but ascends 
it in a spiral instead of a straight line. The closer 
the thread of the screw, the more easy is the ascent, 
but the greater are the number of reTolutions the 
winch must make ; so that we return to the old prin- 
ciple — what is saved in power is lost in tinoe. The 
power of the screw may be increased also, by length- 
ening the lever attached to the nut; it is employed 
either for compression, or to raise heavy weights. It 
is used in cider and wine presses, in coining, book- 
binding, and fur a Tariety of other purposes. 

All machines are composed of one or more of the 
six mechanical powers we have been examining and 
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explaining. One more remark must be made relative 
to them, which is, that friction in a considerable 
degree diminishes their force. Friction is the resist- 
ance which bodies meet with in rubbing against each 
other. There is no such thing as perfect smoothness 
or evenness in Nature. Polished metals, though they 
wear that appearance, more than any other bodies, 
are really far from possessing it ; and their inequalities 
may frequently be perceived through a good magnify- 
ing glass. When, therefore, the surfaces of the two 
bodies come into contact, the prominent parts of the 
one will often fciU into the hollow parts of the other, 
and occasion more or less resistance to motion. In 
proportion as the surfaces of bodies are well polished, 
the friction is diminished ; but it is always consider- 
able, and it is usually computed to destroy one- third 
of the power of a machine. Oil or grease is used to 
lessen friction ; they act as a polish, by filling up the 
cavities of the rubbing surfaces, and thus making 
them elide more easily over each other. It is for this 
reason that wheels are greased, and the locks and 
binges of doors oiled. In these instances, the con- 
tact of the rubbing surfaces is so close, and the rubbing 
so continual, that, notwithstanding their being polished 
and oiled, a considerable degree of friction is produced. 
It is a remarkable circumstance, that there is gene- 
rail v less friction between two bodies of different sub- 
stances, than of the same. It is on this account that 
the holes in which the spindles of watches work are 
frequently made of jewels ; and that when two cog- 
wheels work into one another, the cogs of the one are 
generally made of wood, and the other of metaL 

There are two kinds of friction ; the one occasioned 
by the sliding of the flat surface of a body, the other 
by the rolling of a circular body. The friction result- 
ing from the first is much the most considerable ; for 
great force is required to enable the sliding body to 
overcome the resistance which the asperities of the 
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Ftirface in contact oppose to its motion, and it must be 
lifted over, or break through them ; whilst, in the 
other kind, the friction is transferred to a small sur- 
face, and the rough parts roll over each other with 
comparative facility ; hence it is, that wheels are often 
used for the sole purpose of diminishing the resistance 
of friction. Where, in descending a steep hill, we 
fasten one of the wheels, we decrease the velocity of 
the carriage by increasing the friction, that is to say, 
by converting the rolling friction of one of the wheels 
into the dragging friction ; and when castors are put 
to the legs of a table, the dragging is converted into 
the rolling friction. 

The great fly-wheel, which is frequently attached to 
steam-engines and other large machines, acts, in the 
first instance, as a heavy weight to impel their uncon- 
trolled motion. However paradoxical this mode of 
improving machinery may appear to be, it is never- 
theless of great advantage. The motion of a machine is 
always more or less variable, owing to the irregularity, 
both of the power which works it, and of the resist- 
ance which it has to overcome. Whether the power 
consists in wind, water, steam, or the strength of ani- 
mals, it cannot be made to act with with perfect regu- 
larity, nor can the work which the machine has to 
perform be always uniform. Yet in manufactures, 
and most cases in which machinery is employed, uni- 
formity of action is essentially requisite, both in order 
to prevent injury to the machine, and imperfection in 
the work performed. A fly-wheel, which is a large 
heavy wheel attached to the axis of one of the prin- 
cipal wlieels of the machinery, answers this purpose, 
by regulating the action of the machine : by its weight 
it diminishes the eflect of increased action, and by its 
inertia it carries on the macliine with uniform velo- 
city, when the power transiently slackens; thus, by 
eitlier checking or impelling the action of the machine, 
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it regulates its motion so as to render it tolerably 
uniform. 

There is another circumstance which we have 
already noticed as diminishing the motion of bodies, 
and which greatly affects the power of machines : this 
is the resistance of the medium iu which a machine is 
worked. All fluids, whether of the nature of air, or 
of water, are called mediums ; and their resistance is 
generally proportioned to the denisity : for the more 
matter a body contains, the greater resistance it will 
oppose to the motion of another striking against it. 
It is, therefore, more difficult to work a machine 
under water than in the air. If a machine could be 
worked in vaciiOy and without friction, it would be 
perfect; but this is unattainable. A considerable 
reduction of power must, therefore, be allowed for the 
resistance of the air. 

While on this subject, we may be allowed to make 
a few observations on tools. The difference between 
a tool and a tncuihine is not capable of very precise 
distinction ; nor is it necessary, in a popular ezplana - 
tion of those terms, to limit very strictly their accep- 
tation. Various operations occur in the arts, in which 
the assistance of an addditional hand would be a 
great convenience to the workman, and in these cases, 
tools of the simplest construction come to his ready 
aid. The simpler machines are often only one or 
more tools placed in a frame, and acted on by any 
moving power. In pointing out the advantages of 
tools, we shall give an example of one of the simplest. 

To arrange twenty thousand needles thrown pro- 
miscuously into a box, mixed and entangled with each 
other in every possible direction, in such a form that 
they shall be all parallel one with another, would at 
first sight appear a most tedious and difficult opera- 
tion; in fact, if each needle were to be separated 
individually, many hours must be occupied in the 
process. Yet this is an operation which must be 

H 
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performed mombj tmies in tlie vumduiMue of needles; 
and it is sooomplished in an inaedibl/ shoit speee 
of time — a few minutes — hj a tot simple tool ; no- 
thing mora being requisite tiian'a snudl fiat tray 
of sheet iron, ilightlj eooeaYo at the bottom. The 
needles are placed in it, and shaken in a peenliar 
manner, bj throwing them up a Teiy littie, and 
giringatthe same time a slight longitudinal motion 
to the tray. The shape of the ne^ks assist thdr 
arrangement ; for if two needles cross eadi other, (un- 
less, which is exceedingly improbable, they happen to 
be precisely balanced,) they wiD, when they fall on 
the bottom of the tray, tend to place themselves side 
by side, and the hoUow form of the tray assists this 
disposition. As they have no projection on any part 
to impede this tendency, or to entangle each other, 
they are, by continnally shaking, arranged lengthwise 
in three or four minntes. The direction of the shake 
is now changed ; the needles are bnt little thrown np, 
bnt the tray is shaken edgeways ; the lesnh of which 
is, that in a minnte or two, the needles, which were 
previously arranged endways, become heaped np in a 
wall, with the ends against the extremity of the tray. 
They are now removed by hnndreds at a time, by 
raising them with a broad iron spatnla, on which they 
are retained by the fore-finger of the left hand. During 
the progress of the needles towards their finished 
state, this parallel arrangement mnst be repeated 
several times ; and, nnless some snch cheap and ex- 
peditions method had been devised, the expense of 
manufactoring needles would have been considerably 
increased. 

Another process in the art of making needles fur- 
nishes an example of one of the simplest contrivances 
which can come under the denomination of a tool^ 
the efficiency of which, for the purpose, required no one 
will deny. After the needles have been arranged in 
the manner we haye been describing, it is necessary to 
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separate them into two parcels, in order that their 
points may all be placed in one direction. This is for 
the most part done by women and children. The 
needles are placed sideways in a heap, on a table or 
bench, in front of each operator, just as they are 
arranged by the process above described. From five 
to ten are rolled towards this person by the fore- finger 
of the left hand ; this separates them a very small 
space from each other, and each in its turn, is pushed 
lengthwise to the right or to the left, according as its 
eye is on the right or the left hand. This is the 
usual process, and in it every needle passes individu** 
ally under the finger of the operator. A small altera- 
tion expedites the process considerably ; the ohild 
puts on the fore-finger of its right hand a small isloth 
oap, or finger-stall, and rolling out of the heap from 
six to twelve needles, he keeps them down by the 
fore-finger of the left hand, whilst he presses the fore- 
finger of the right hand gently against their ends; 
those which have the points towards the right hand 
stick into the finger-stall ; and the child removing the 
finger of the left hand, slightly raises the needles 
sticking into the doth, and then pushes them towards 
the left side. Those needles which had their eyes on 
the right hand do not stick into the finger- cover, and 
are pushed away to the heap on the right side pre- 
viously to the repetition of this process. By means of 
this simple and ingenious contrivance, each movement 
of the finger from one side to the other, carries five or 
six needles to their proper heap; whereas, in the 
former method, frequently only one was moved, and 
rarely more than two or three were transported at 
»ne movement to their place. 
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PXEUMATICa 

Thb sdeooe of Poeamatics treats of the denaitj, pres- 
sure, %nd elasticity of the air, and the effects which 
thejr prodnce. 

The air is the fluid in which W3 fire and breathe : 
it entirely eoTelopes the globe, and extends to an 
unknown height abore its surface. It is, together 
with the clouds and ▼apouis that float in it, called the 

Ancient]/, the air was snppooed to be destitute of 
weifiht^ and Cralileo was the first who proYed, by ex- 
periments, the fallacy of this supposition ; and it is 
now sufficiently manifest, that, like all other fluids, it 
presses upon bodies in proportion to the depths they 
are immersed in it ; and that the pressure is in every 
direction, or on all sides of sueh bodies. It diflers 
from most other fluids in the four following pardculars : 
1. It can be compressed into a much less space than 
it naturally posseses. 2. It cannot be congealed or 
reduced to a solid state. S, It is of a different density 
in every part upwards from the earth's surface, de- 
creasing in its weight as its distance from the earth 
increases. 4. Its elasticity, or the force with which 
it springs, is equal to the incumbent weight. 

The air being perfectly invisible, and affording no 
resistance to the touch, it is not surprising that, 
according to vulgar apprehension, it should not he 
considered as a solid substance, and yet that it pos- 
sesses weigYit, and great power of resistance to other 
bodies, many simple experiments may be deviled to 
prove. A bladder, open at the aperture of the neck, 
may have its sides pressed together with the greatest 
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ease ; but if a bladder be filled by blowing air into it, 
and a string tied fa»t round its neck, it becomes im- 
possible to press tlie sides together without bursting, 
and a very sh'ght alteration of its figure requires 
considerable pressure. This resistance evidently 
proves that air is matter. 

It is the great transparency of the air, which, in 
the common acceptation of the term, renders it in- 
visible; but the blue colour of the sky may be 
considered as the colour of the air, for this blueness is 
occasioned by the light reflected from the air, and 
the particles it contains. If, however, the atmo- 
aphere was absolutely transparent, it would reflect no 
light ; every object would then be in total darkness, 
except it received the direct rays of the sun, and the 
stars would be visible at noonday. 

The pressure of the atmosphere is removed for 
philosophical purposes by means of the air-pump. 
With this machine, a great variety of interesting ex- 
periments may be performed in proof of the proper- 
ties of the atmosphere ; without it, indeed, pneumatics 
would scarcely deserve the name of a science. 

When the gravity of the air had once become 
known, it may be thought that it could not have 
been very difBcult to account for some of its more 
remarkable effects, such as the ascent of water in 
the body of a pump. The contrary, however, 
appears to have been the case. Some Italian artists 
having received orders to construct a common pump 
for the purpose of raising water to the height of 50 or 
60 feet, found, to their astonishment, that about 83 
feet was the limit to which the water would rise. 
Galileo was applied to for an examination of this 
circumstance; and as he had accepted the current 
opinion, that the only reason why water rose at all 
in pumps was nature's abhorrence of a vacuum, so to 
this inquiry he answered, that nature did not enter- 
tain the horror of a vacuum beyond 33 feet ! Galileo 
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had afterwards reason to suppose that he had not 
given a very philosophical answer to the question put 
to him, but Torricelli, a pupil of his, was the first 
who conjectured that water is elevated in punaps b^ 
the pressure of the exterior air ; and that the amount 
of this pressure could counterbalance no more than % 
column of water thirty-three feet high. He institut«l 
an experiment that at once verified his conjecture, and 
proved the origin of that important invention, ^ke 
barometer. He took a glass tube of about three ftnt 
in length, hermetically sealed at one end, and opes «i 
the other ; he filled it with pure mercury, and stop* 
ping the orifice with his finger, he reversed the telW) 
and placed the open end in a vessel full of the «ame 
mercury. He had no sooner removed his fingcr-than 
the column of mercury, which was about thirty-inches 
long, was reduced to the length of about tweoty^cight 
inches. This height being to that of thirty-three 
feet, in the inverse ratio of the densities of water and 
mercury, be concluded that, as he had conjectured, it 
was the pressure of the air which caused both water 
and mercury to rise until an equilibrium was pro- 
duced. The experiment thus tried is called the Tor- 
ricellian experiment, and the space left at the top of 
the tube, the Torricellian vacuum. It is the nearest 
approach to a perfect vacuum which the art of man 
can form, and is much superior to that of the best air- 
pump. 

The pressure of the atmosphere is not always the 
same at the same place. These changes take place 
chiefly in countries at a distance from the equator. 
In Great Britain the barometer has been known to 
Tary more than an inch in a few hours. Supposing 
the surface of a middle sized man, equal to fourteen 
*and a half feet square^ the pressure upon him, when 
the atmosphere is lightest is equal to thirteen and a 
half, and when heaviest, it is about fourteen and one 
third tons. The immense pressure we sustain does 
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not impede our motions, because the pressure on one 
side is balanced by an equal pressure on the opposite 
side, nor is it capable of crushing the human frame, 
because the elastic force of the air, or some other 
elastic fluid within the body, i^ just sufficient to resist 
every injurious effect. So far from the pressure of 
of the atmosphere being a disadvantage it is indispen- 
sable ; and we find that our frame is braced, and that 
we are never more alert and active than in clear and 
fine weather when the mercury stands highest, and 
consequently the pressure of the atmosphere is greatest; 
on the contrary, when the mercury falls and the 
weight of the air diminishes, we feel listless and un- 
comfortable. 

PNBUMATIGAL INSTRUMENTS. 

Ever since it was observed that the height of a 
column of mercury, sustained in a tube by the pres- 
sure of the atmosphere, varied in height at different 
times, and that these variations were accompanied or 
followed by changes in the weather, such an instru- 
ment has been applied to meteorological purposes, 
under the name of the barometer. 

The Thermometer is a chemical rather than a 
pneumatical instrument, but it claims notice as a use- 
ful appendage to the barometer. All substances 
expanding with an increase of their temperature, it is 
obvious that, under the same pressure of the atmos- 
phere, the mercury in the barometer will be highest 
when the heat is greatest ; a correction is therefore 
necessary for this source of error, before the exact 
effect of the pressure can be ascertained, and this is 
accomplished by means of the thermometer, or instru- 
ment for measuring the degrees of heat, joined with 
a knowledge of the rate at which the mercury in thia 
barometer expands. 

The state of the atmosphere, with respect to dry-* 
ness or moisture, is measured by an instrument called 
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an hygrometer or hygroteope. Various sabstanoes aie 
soiceptible of contiiderable alterations in weight or 
length, bj attracting or parting with motstnre ; such 
Bub^tances are called hygrfneaptc. 

The quantity of water returned by the atmospheie 
to the earth in the state of rain, is ascertained by an 
instrument called a pLumomeUr or ram-guage. It is 
usually made in the form of a jar, or hollow cylinder, 
with a funnel at the top of it. They are made of 
Tarious sisses, but in general, if the ring be twelve 
inches in diameter it may not be considered too large. 

WINDS. 

Aid, when in progressive motion, is called wind, in 
which state it becomes one of the most powerful 
agents in nature — its force increasing nearly as the 
square of its velocity, and its velocity often being 
prodigious. 

The natural tendency of the atmosphere, as of all 
other bodies, is to remain in a state of rest ; and if 
this tendency were not unceasing causes, this fluid 
would everywhere be stagnant, and at the same ele- 
vation would have the same temperature. The density 
of the air is diminished by an increase of tempera- 
ture, — ^that is, the more it is, heated, the more space 
it takes up, and consequently the less its pressure, 
bulk for bulk, on the surrounding air. This being the 
case, and the contrary, when its density is increased 
by cold, being equally true, it follows that when any 
particular tract of air is heated or cooled more than 
the rest, the heavy parts will press it upwards, and 
occupy its place; and the atmosphere will not be at 
rest, until the equilibrium of its parts, in heat and 
density take place.' 

Dr. Franklin was the first who observed, that 
winds originate at the precise point towards which 
they blow. Thus, in going out of a large town in 
winter, a wind is met iu every point of the compass, 
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because the air iq the town being rarified by so many 
fires and the breathing of the people, is forced to 
ascend by the pressure of the colder and denser air of 
the country on all sides of it. Partial changes of 
temperature, are, therefore, the chief general causes of 
all winds, and it is the business of man, with respect 
to this subject, to discover where, and in what degree, 
they occur, in order to account for the individual 
phenomena. The attraction of the sun and moon is 
on good grounds supposed to occasion wind, and it is 
calculated from the theory of grayitation, that the 
influence of these bodies in their daily motions, is 
sufficient to produce a continual east wind about the 
equator. When, therefore, attraction coincides with 
heat to produce an aerial tide, the combined effect 
may be very considerable. Whatever may be the 
influence of the sun and moon in occasioning winds 
by their attraction, that of the moon will be the 
greatest, for the same reason, and in the same propor- 
tion, that her influence is the greatest in producing 
the tides of the ocean. The most likely periods of 
the year to have high winds are the two equinoxes ; 
and storms are more frequent at the time of new and 
full moon, especially those new and full moons that 
happen about the equinoxes. 

The most remarkable of all the winds is called the 
Trade 'fffind; and as it evidently follows the course of 
the sun, it appears undeniable that the sun is the 
cause of it. This wind, about the middle part of its 
track, always blows either exactly or very nearly 
from the east; but even when the sun is at, or very 
near the equator, towards its northern boundary, it 
deviates more and more from the east towards the 
south. The manner in which the sun causes the 
trade wind, seems to be generally agreed upon. 

Of the periodical winds, the most remarkable are 
those called the Idonsoonsy which blow for six months 
in one direction, and for six months in an opposite 
u 2 
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one. Tbejr are confined to the tropice, and aie deTi»-> 
tione from the regularity of the trade* winds of half a 
year a duration, hecaoae for half the yeai^ the mon- 
800B8 mostly coincide with the general tiade-wind. 
The origin appeara to be owing to the cireomataDoes 
of the different degreea of heat oonmninicated to the 
air by water, and particular tracts of land. Fron 
October till April, the monsoon sets in finom the north- 
west to the south-east, opposite to the general course 
of the trade-wind on the other side of the line ; and 
hcsre also the general trade-wind resumes its usual 
oourse during the other months, which constitute the 
winter seasons in these regions. 

8ome of the Tariable winds which preTsil in warm 
countries, are distinguished by particular names, and 
possess Tery extraoidinary qnalities. The HamuMan 
IS a wind which blows from the interior parts of 
Afirioa towards the Atiaotic ocean. It prevails in 
the months of December, January, and February; 
but its duration is uncertain, sometimes only a day or 
two, sometimes as many as fifteen or rixteen. It is 
always accompanied with a fog that robs the sun of 
his splendour. Such is the extreme dryness of this 
wind that it withers the whole Tegetable creation. 
The human body is much affected with the harmattan, 
which if it continues fire or six days, the scarf skin 
peels off, and though the air is cool, it excites a 
troublesome sensation of pricking heat. Notwith- 
standing, the harmattan is salnbrions, stopping infec- 
tion, and remoTing the yirolence of distemper with an 
efficacy not less remarkable than its other qualities. 

The Sirocco is a south wind, which generally blows 
in Italy and Dalmatia, every year about Eastw. It 
is supposed to blow from the burning deserts of 
Africa. — During its continuance, the inhabitants of 
the countries wbere it prevails, never venture out of 
doors unless compelled by necessity, but closing every 
aperture that can admit the air into their houses, they 
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keep continually tprinkling their apartments with 
water. In Sicily this wind seldom continues longer 
than thirty-six or forty hours ; in Italy it sometimes 
oontinttes twenty days, but is not so serere. It is 
commonly succeeded by the tramontane, or north 
wind, which in a short time restores the vigour of 
languishing nature. 

The Samid^ or mortifying wind of the deserts can- 
not, it is said, be breathed without destruction. The 
camels are reported to be instinctively aware of its 
approach, and to thrust their heads under the sand 
till it is blown over, which is commonly in a few 
minutes* The travellers throw themselves flat on the 
ground to avoid it; but if any one breathe it, his 
whole body becomes immediately mortified. 

WhirlmndUBTQ generally supposed to be occasioned 
by the conveyance of winds from all parts to one 
point, by some extraordinary rarefieiction of the air at 
that pmnt. The currents acquire by their conflict at 
the place of meeting, and the velocity with which the 
ratified air rushes upwards, a centrifugal force, which 
causes them to recede from the axis of rotation. 

A Tornado is a whirlwind upon a large scale, being 
produced by the same causes : it is the whirlwind of 
tropical regions, and its effects are often tremendous. 
A moist vapour usually attends a tornado, the path of 
which is marked as if with rain. 

Hurricane is another term for a storm wind, 
Seldom seen, in its most terrific form, except in 
tropical climates. It is occasioned by the struggle of 
opposite winds, but does not, like the tornado, shift 
through all the points of the compass. It generally 
comes on with a northerly wind, and after veeriog to 
the east, it ceases ; but the change is efl^ected with 
such sudden impetuosity, that no ship can veer with 
it; whence it happens that the sails and yards are 
carried away, and sometimes the roasts themselves 
twisted off. Of hurricanes it is usually observed that 
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they happen either on the day of the fall, change, or 
quarter of the moon. 

It would be an interesting speculation to attempt 
the developement at large of the purpose effected by 
the winds; but in this place it must suf&ce to ob* 
serve generally, that their cessation would accomplish 
the immediate destruction of animated existence. It 
is the atmosphere's ceaseless propensity to motion, 
from every cause that varies its density, and the 
universal prevalence of such causes, that carries off 
noxious effluvia as it is produced, to parts where, by 
chemical operations in the laboratory of nature, it is 
absorbed or regenerated, and the whole mass of 
atmosphere preserved from corruption. And when 
we turn from this point of view to another, we find 
the services of the winds almost equally important 
in ameliorating the fervour of a vertical sun, and in 
short, equalising the temperature over the whole 
globe. When these salutary and universal benefits 
are considered, the transient and partial effects of 
storms, especially when regarded as arising out of the 
rapidity with which the winds perform their office, 
can be regarded only as a slight sacrifice to the general 
good. 

THB WEATHER. 

A knowledge of the approaching changes of the 
weather is of so much utility and importance to a 
great part of mankind and of convenience to all, that 
it may seem surprising every indication of change 
observation has yet furnished, has not been accumu- 
lated, and reduced into one system. It is true, how* 
ever, that with respect to this, as on other occasions, 
those most interested are willing to content themselves 
with arguing from the appearances of the passing 
moment, or from a set of rules which, almost v/ithout 
effort, they have formed for themselves. It is to be 
admitted that farmers, and a great number of others, 
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are generally furnished with a barometer or weather- 
glass ; but this instrument from its indications as to 
height not being combined with other circumstances 
is seldom of much use to them, and not unfrequently 
leads them into errors, which might haye been avoided, 
under a more comprehensive consideration. Dr. Hally 
appears to have been the first who drew up, from an 
extensive series of observations, the laws which 
govern the motions of the barometer, and it is to his 
conclusions we shall here advert. He states the most 
general phenomena in eight propositions. 

1 . In calm settled weather, when the air is inclined 
to rain, the mercury is uncommonly low. 

2. In serene, good, settled weather, the mercury is 
generally high. 

3. Qreat winds, though not accompanied with rain, 
sink the mercury lowest of all, with relation to the 
point of the compass the wind blows upon. 

4. The greatest heights of the mercury are observed 
during the easterly and north-easterly winds. 

5. [n calm, frosty weather, the mercury generally 
stands high. 

6. After great storms of wind, when the mercury 
has been low, it generally rises again very fast. 

7. The more distant places are from the equator, 
the greater the range of the mercury in the barometer. 

8. Within and near the tropics, the variation of 
the mercury is very little in all weathers. 

Hence he considers the principal cause of the rising 
and falling of the mercury to be variable winds which 
are found in the temperate asones, and which in Eng- 
land are remarkably incoubtant. A second cause is 
the uncertain exhalation, and precipitation of the 
vapours lodging in the air, which is thereby rendered 
heavier or lighter ; but this cause is in a great mea- 
sure dependant npon the former ; but it will now be 
necessary to state more minutely the particular states 
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of the weather which ftre likely to follow aach 
ohaoges. 

1. The rising of the mercnrj generallj presi^^QS 
fiur weather, oe its falling does the contnry, or rain, 
MOWy high winds and storms. 

2. In very hot weather, the sadden fiiJling of the 
meronry portends thunder. 

3. In winter, the rising indicates frost; and in 
frosty weather, if the mercury falls three or four divi- 
sions, there will certainly follow a thaw ; but if it rise 
in a continued frost, it will be accompanied with snow. 

4. When foul weather quickly succeeds, after the 
falling of the mercury, it will not be of long duration ; 
nor are we to expect a continuance of fair weather 
when it soon succeeds the rising of the mercury. 

5. I^ in foul weather, the mercury ascends coa- 
siderably and continues in an advancing state for two 
or three days successively, before the foul weather is 
over, then we may expect fine weather of some 
continuance. 

6. If, in clear weather, the mercury falls remark- 
ably for two or three days together, before the rain 
sets in, it is highly probable that much rain, and 
perhaps high winds will follow. 

7. An unsettled state of the mercury indicates 
changeable weather. 

8. The mercury sometimes falls considerably with- 
out any remarkable change following it, this may 
arise from a distant storm, or eyen an earthquake. 

9. If the mercury begin to rise steadily from a low 
state, and the wind change from the south or west, to 
the north or east, fine weather may be expected. 

10. A rapid movement of the mercury, even 
when rising, is an indication of bad weather, though 
not of long continuance. 

11. The rising of the barometer is a more certain 
indication of tair weather, than its sinking is of rainy 
weather ; because it so ofteu sinks for wind as well 
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as rain. If, therefore, while the barometer is sinking, 
the atmosphere still remain clear, wind may be 
expected. 

With respect to prognostics of the weather inde- 
pendent of the barometer, and which indicate the 
general state of an approaching season, Eirwan has 
deduced the following rules from observations made 
in England during a period of one hundred and 
twelve years. 

1. When no storm has mther preceded or followed 
the yemal equinox, the succeeding summer is in 
general dry, or at least five times out of six. 

2. Jf a storm happen from an easterly point, on the 
19th, 20th, or 2 let day of May, the following sum* 
mer will four times in five, be also dry. The same 
event generally takes place, if a storm arise on the 
25th, 26th, or 27th days of March, in any point of 
th« compass. 

d. Should there be a storm, either at south-west or 
at west-south-west, on the 19th, 20th, 21st, or 22nd 
of March, the following summer is wet five times out 
of six. 

To these prognostics of the weather might be added 
many others ; but, perhaps, the list has been already 
fluificiently extended. The work of observation, on 
all the chsuiges of the atmosphere that can be detected 
by instruments, is now carrying on, to an extent with- 
out example in former times ; and it is only as these 
come forward that prognostics of real value can be 
multiplied. 

SOUKD. 

The only remaining mechanical property of air 
which we have to notice, is that which renders it the 
medium of sound. 

Any body which produces sound by collision from 
another, is called a sonarotia or sounding body ; though 
the term sonorous is more especially applicable to 
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such bodies as produce a distinct and continuous 
sound, like a bell, or the string of a musical instru- 
ment, tban to those which produce a dull and 
momentary sound, like that of clashing together two 
pieces oi chalk. 

The velocity of sound, thouffb the subject of dif- 
ferent opinions, has been exammed with considerable 
success, and on the authority of numerous experi- 
ments, it is supposed to travel uniformly at the rate 
of about 1,1 42 feet in a second, or one mile in rather 
less than five seconds. All sounds move with the 
same velocity; the gentlest whisper moves over the 
same distance to which it extends, as rapidly as the 
report of a cannon over the same distance. An orator, 
with a good voice, may easily make himself heard at 
the distance of one hundred feet in a direct line 
before him ; but he will not be heard witb equal 
distinctness at more than the distance of eighty feet 
on his right and left ; or of forty feet immediately 
behind him. 

A knowledge of the velocity of sound is obviously 
applicable in certain cases, to the purpose of deter- 
mining distances. If a vessel is observed to fire a 
gun, and eight seconds elapse between seeing the 
nash and hearing the report, the distance of that 
vessel is 8 times, 1,142 feet, or 1 mile 1,185 yards; 
because the flash and tlie report in reality happen 
together, and the velocity of light is so great, that, at 
any terrestrial distance it may be considered instan- 
taneous. In the same manner may be estimated the 
distance of thunder, by noticing the number of seconds 
that intervene between seeing the lightning and 
hearing the thunder. 

When smootli and level groand is interposed be- 
tween the sounding body and the hearer, the sound is 
heard at a much greater distance, than when houses, 
walls, trees, crops of grain, «je;c., are interspersed in 
the path of sound. Over the surface of smooth 
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water, sound is coDYeyed admirably well, and may 
be beard at a greater distance than in any otber way 
wbicb nature affords. By placing the ear close to 
the ground, or to the water, distant sounds may be 
be beard which would otherwise be imperceptible. 
The inhabitants of uncivilized countries understand 
this practice. 

The viyacity with which sounds are transmitted 
through solid substances is very remarkable. The 
scratch made with a pin at one end of a piece of 
timber, fifty feet long, may be distinctly heard by an 
ear placed close to the other end, although the same 
could not be heard through the air at the distance of 
a dozen feet. 

When the air, in a state of yibration, strikes upon 
a solid regular surface, it is reflected by it in the 
same state, at an angle equal to the angle of incidence. 
An ear, therefore, situated in the direction of these 
reflected vibrations, perceives a sound similar to the 
original one, but apparently originating in a right 
line with its last direction, equal to the reflected and 
incident course. These reflected sounds are called 
echoes ; they cannot on account of the great velocity of 
sound be distinguished from the original sounds 
within the space of fifty-five feet from the reflecting 
surface, therefore an echo must always be at that 
distance : when the reflecting surface is nearer, it is 
only said to increase the sound. As reflecting sur- 
faces produce various differences, according to their 
distance, figure and composition, the effects of 
echoes are very different. 

** It is in general known," says Goldsmith, " that 
cayorne, grottos, mountains, and ruined buildings 
return this figure of sound. Image, we may call it ; 
for in every respect it resembles the image of a visible 
object reflected from a polbhed surface. Our figures 
are often represented in a mirror without seeing them 
ourselves, while those standing on one side are alone 
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sensible of tbe reflection. To be capable of seeing the 
reflected image of oarselves, we mast be directly in a 
line with tbe image. Just so it is in an echo — wo 
most stand in a line in which the sound is reflected, 
or tbe repetition will be lost to us, while it may, at 
the same time, be distinctly heard by others who 
stand at a short distance to the one side of ns. I 
remember a Tery extraordinary echo, at a ruined 
fortress near LouTain, in Flanders. If a person sung, 
be only heard his own Toice, without any repetition ; 
on the contrary, those who stood at some distance, 
heard the echo, but not the voice ; then they heard it 
with surprising Tariations, sometimes louder, some- 
times softer, now more near, then more distant." 



HYDROSTATICS AND HYDRAULICS. 

Thb science of Hydrostatics treats of the pressure 
Und equilibrium of fluids in general ; but it is chiefly 
ezempliBed by the developement of the mechanical 
properties of water, excepting so far as this fluid is 
dependent for its effects upon its motion. The 
science which teaches the laws of fluid in motion, and 
the application of fluids in that state to machines is 
called Hydratdics. This distinction between Hydro- 
statics and Hydraulics, appears to make two sciences 
of subjects too intimately connected to be considered 
in any other light than as including only di£Ferent 
parts of the same subject. We have, therefore, 
classed them together, and shall regard them as con- 
venient heads for different chapters, on the properties 
common to fluids. 

HYDKOSTATICS. 

A fluid is a body whose particles yield to the least 
effort of partial pressure. Fluids are of two kinds, 
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doitic and non-doitic* EUaistro flatda are those in a 
state of air and gas ; tbeir bulk yaries with the force 
ooffiipressing them, and in their other mechanical pro- 
perties they resemble common air ; the general laws 
relatire to them are, therefore, to be derived from 
pneumatics. Non- elastic fluids, as oil, water, spirit, 
or wine, are either absolutely or Tery nearly incom- 
pressible. These are the bodies with which hydro- 
statics are chiefly concerned. 

The cause of fluidity has been the subject of much 
speculation, but one opinion is, that the particles of 
fluids are spherical, in consequence of which configttra*> 
tioo they slide over and among each other with prodi- 
gious fisMsility. This assumption cannot be affirmed 
by experiment, no microscope being powerful enough 
to show the component particles of any fluid, but it 
is fisiToured by the proofe we have of the numerous 
interstices of fluids. In water, for example, salt and 
Tarious other bodies may be dissolred in considerable 
quantity, without enlarging its dimensions. Accord- 
ing to this theory, also, the densities of different fluids 
are accounted for, by supposing their spherical particles 
to be of different sizes, the densest fluid having always 
the least particles ; but why the particles of various 
solids should assume a spherical figure by the action 
of fire, which fuses them, and some other figure when 
these bodies become solid in cooling, is not so easily 
determined. It is, therefore, the opinion of others that 
fluidity is simply the consequence of the caloric (heat) 
combined with different bodies, the caloric surrounding 
these particles and lessening their cohesion so much 
that they slide very easily over each other. When, 
however, so much caloric is abstracted, that the 
attraction of cohesion can operate, fluids become solid. 
Perhaps this theory would be improved, if the former 
were combined with it, rather than wholly rejected. 
Caloric, it may be supposed, will most easily lessen 
the attractiou of cohesion between particles perfectly 
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spherical, becanse ihese have the fewest poiots of coiir- 
tact; bodies may, therefore, be more or less easily 
rendered fluid, in proportion as their particles differ 
more or less from the spherical figure. 

Though the particles of fluids hsTe certainly a very 
small degree of cohesion to each other, yet it is not so 
small but that it may in a irariety of instances be 
rendered ▼isible. For example, it is the attraction of 
cohesion that prevents a drop of water, placed gently 
on any dry surface, firom extending itself; and that 
allows a Tcssel to be filled aboTc its brim with wat^, 
which could not happen if water were a perfect fluid. 

The academy of Florence inferred the total incom-*- 
pressibility of water; but Canton established some 
conclusions which showed that the inference drawn by 
the Florentines was not to be accepted without limita- 
tion. He found that water expended one part in 
21,740, when the pressure of the atmosphere was re- 
moved, and submitted to a compression of one part in 
10,870 under the weight of a double atmosphere. He 
also observed that water possessed a most remarkable 
property, of being more compressible in winter than 
in summer ; contrary to the effect on spirits of wine 
and oil of olives. It remains, therefore, for future 
investigation to fix the judgment of philosophers or 
this subject ; in the meantime, even granting all the 
compressibility that has been contended for, the quan^ 
tity of it is too small to be noticed in practice. 

Persons at sea frequently try an experiment which 
proves in a great degree the incompressibility of water. 
Having corked a bottle containing only air, and there- 
fore called empty, they tie a rope to it, and sink it to 
a considerable depth by a sufficient weight ; on pnl*- 
ling up the bottle, they generally find it either broken, 
or the cork forced in. But on sinking to the same, 
or any greater depth, a bottle filled with water, they 
find it, when drawn up, to be uninjured, because the 
water resists compression, and therefore supports the 
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the bottle ; which support, tinder the pressare at a 
great depth, the air cannot supply. 

Fluids, as well as solids, press downwards by gra- 
yitation, according to their quantities of matter, en- 
deavouring always to attain the lowest place possible, 
or place nearest the centre of the earth ; but they 
have this peculiarity, that they press in every direc- 
tion alike, in proportion to their perpendicular height, 
and not their quantity. It is from this property of 
pressing in every direction, that the sides of vessels 
containing fluids, although at rest, must be made 
strong like the bottom ; or if any difference be made, 
it must be gradual towards the top, because the pres- 
sure diminishes with the diminution of the column 
sustained. 

The downward pressure of water may be proved, 
where wood and other bodies lighter than water refuse 
to swim. Take two pieces of wood, planed so per- 
fectly flat, that when put together no water can get 
between them ; cement one of them to the bottom of 
a jar, or any vessel capable of holding water ; place 
the other piece npon the one so cemented down, the 
two flat faces, of course, being in contact. Press 
npon the upper piece with a stick, to prevent its 
moving while the vessel is filled with water;, after 
which, the stick being withdrawn, the loose piece of 
wood will remain in its situation, as steadidly as the 
piece cemented down, because it is pressed by all the 
weight of the water over it ; but if it be raised, how- 
ever little, at one edge, some water will then get under 
it, which being acted npon by the water above, will 
immediately press it upwards, and from its lightness 
it will reach the surface. 

On the disposition of water to press upwards to the 
level of its source, depends the existence of springs, 
which always originate in higher situations than those 
in which they are found. Of this property they 
ancients appear not to have been aware. When they 
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had water to eoovey firom one hill to another, they 
were at the expense of eonatniotiag an immenae aque«» 
dnci to croaa the ▼alley in a right fine from the sonrce, 
without rtfleeting how oommodionaly the same might 
be elKwted by a pipe. 

From the preaainre of water bnng as its perpendi* 
enlar height, it beeomes neoeasary to gnard against 
its effects in the construction of canals and other 
reservoirs; lor when a column of water instnaates 
itself under a bank, if its upward pressure exceed the 
resistance of the weight upon it, which might fre« 
qnently happen, the bank will be destroyed. Such 
accidents are prevented by lining the bottoms of the 
ressTToira with day, or some material impervious to 
wator. 

BFBOIFIC OEAVm, 

The expression, specifie gravity, is of very frequent 
occurrence in scientific works ; the explanation of it, 
and the method of determining the specific gravity of 
any body, forms an important branch of hydrostatics. 

The specific gravity of a body is simply the ex- 
pression of its weight, when compared with an equal 
bulk of distilled water. For example, the specific 
gravity of gold is to the specific gravity of water as 
19 to 1 ; the meaning of which is, that a given mag^ 
nitude of gold, for example, a cubic inch, will weigh 
nineteen times as much as the water that could be 
contained in a vessel, the capacity of which is precisely 
equal to one cubic inch. 

When a solid body is wholly immersed in a fluid, 
or as the fluid presses upon and touches it at every 
point, it is evident that the quantity of fluid displaced 
must be precisely equal to the bulk of the body im- 
mersed in it : consequently it follows, that the greater 
the density of the body, — that is, the greater its 
weight for its bulk, — the less will be the quantity of 
fluid which any given weight of can dii<place|; 
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When a body sinks in a fluid of its own accord, it 
is because of its being heavier than an equal bnlk of 
that fluid, in consequence of which it overcomes the 
upward pressure bj which it is opposed ; this upward 
pressure, supposing the fluid to be water, is equal 
only to its bulk of that fluid, and, therefore, after de* 
ducting the weight of its bulk of water, the remainder 
is the force with which it sinks. Thus, if the weight 
of a body be three ounces, and the weight of its bulk 
of water be one ounce, it will sink in water with a 
weight of two ounces. This accounts for the different 
degrees of rapidity with which different bodies sink. 

From the above remark, that the force with which 
a body sinks in water is less than what it weighs in 
the open air, by the bulk of the water it displaces, 
this hydrostatic axiom is plainly deduoible, that every 
body immersed in water, and every other fluid, loses 
just sp much of its weight as equals the weight of an 
equal bulk of the water or other fluid. A knowledge 
of this truth renders the most admirable assistance in 
detecting the identity of substances, when all other 
characteristics, that can be conTeniently resorted to, 
prove ineffectual ; of this a remarkable example and 
illustration immediately resulted from its first dis- 
covery, which happened in the following manner :— * 

Hiero, King of oyracuse, had employed an artist to 
make him a regal crown of gold, and had furnished a 
suflicient quantity of pure metal for that purpose. 
Wlien the crown was bronsht home, its weight was 
found to be equal to that of the gold delivered for it, 
yet the king suspected an adulteration. He applied 
to the celebrated Archimides for the means of detect- 
ing the amount of the fraud ; the philosopher could 
not for some time arrive at any satisfactory conclusion, 
but at length an accidental observation which he 
made, reminded him of the means he might employ. 
When stepping one day into a bath, he took notice 
that the water rose in proportion to the quantity of 
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his body immened in it, and immediately reflecting 
that a body of eqnal balk with himself woald raise 
the water in the same degree, thongh a body of equal 
weight, thongh not of equal bulk, -would not raiae it so 
much, he became instantly alive to all the conse* 
quences of this reasoning, and in the ecstacy of the 
moment, without recollecting his clothes, he ran into 
the streets of Syracuse, exclaimiug — ''I have found 
it ! I have found it I" He forthwith took masses of 
metal, each of them equal in weight to the crown, but 
one of them was of pure gold, the other of silver* 
These he separately let down into a vessel containing 
water, the rising of which by the alternate immersion 
of the masses, could easily be determined by measure. 
He found tiiat the silver displaced a greater body of 
water than its weight of ffold; he then tried the 
crown, and found that it dis|4aced more water than 
its weight of gold, but not so much as its weight of 
silver. By these means he discovered that the crown 
was not made of pure gold, and by comparing his 
observations on the bulk of water displaced by the 
crown, the gold, and the silver, he discovered the 
quantity of gold the crown actually contained. 

As whatever weight a body is found to lose, on 
being weighed while suspended in water, is the same 
as a quantity of water equal to its bulk ; hence to 
obtain specific gravities, it is not necessary to reduce 
solids to any given size, in order to compare them by 
measurement, but they are taken of any size or 
figure, and first weighed in air, and then in water, by 
means of a hydrostatic balance. 

THE DIVINO BELL. 

The nature of the diving 'bell may be easily under- 
stood by reflecting on the &cility with which air may 
be retained under water, in vessels open only at the 
bottom, because, like any solid, it prevents other 
bodies from occupying the place it occupies itself. 
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Thus if we take a glass tumbler, or any similar yessel, 
and hold it inTerted, push it verticidly downwards 
into the water, the air it contains will not escape, and 
the water at inconsiderable depths, will scarcely rise 
at all within it. It is clear, that whatever were the 
size of the yessel, the water would in the same man- 
ner be excluded by the air, and as the air is the same 
as that of the atmosphere, it is equally clear, that in 
a vessel of sufficient size, men might be stationed 
without being incommoded by the water, as they 
could breathe the air, and live till its vital principle 
was exhausted. If then any means were contrived 
to remove the contaminated air, and to send down a 
fresh supply of fresh air, they might remain under 
water any length of time that they chose, and if let 
down by a rope to a wreck, or to the bottom of the 
sea, they miglit perform any work of which the size 
of the vessel admitted, or to which they were com- 
petent on the land. The vessel used for this purpose 
IS called a bell, because it is much in the form of a 
truncated cone, and often resembles a bell in its gene* 
ral appearance, it must be mentioned, however, 
that the water, in proportion to the depth to which 
the bell is sunk, rises within it, by the increase of 
its pressure, and compresses the air. At the depth 
of thirty-three feet under water, the water presses 
into the bell with the power of a double atmosphere, 
and the air, which, when it was at or very near the 
top, occupied the whole interior capacity, does not 
then occupy more than half of it, consequently the 
bell becomes half full of water; and at all greater 
depths the air sustains a proportionably greater com- 
pression, the water at the same time rising as this 
effect goes on, till at length it covers the divers. 

Dr. Halley was the first person who materially 

improved the diving-bell. He formed a machine' of 

this kind of copper in the form a bell ; and weights 

of lead were distributed about the lower part, to keep 

I 
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it in an inyeried poeition, while they rendered it at 
the Mine time epecificsUy heavier Uiaa its bulk of 
water, and eonaeqoently it would eiok by ite own 
weight. It wae three feet wide at the top, five feet 
at the bottom, and eight feet high. la the top, wae 
a window of very thick glaee and also a stop^cock, to 
let out the hot air which had been breathed; and 
within the bell wae a circular eeat for the drirera. To 
supply the divers with air, two barrels of about sixty-^ 
three gallons each, cased with a sufficient quantity of 
lead to make tbem sink, were prepared to be sent 
down to the divers. The buug-hole in each barrd 
was left open, and kept on the under side, to let io 
the water as the air in the barrels condensed during 
their descent, and to let the water out again when they 
were drawn up. To a hole in the upper side of the 
barrds, was fixed a leathern pipe, well prepared with 
bees^ wax and oil, which wse long enough to {all be* 
low the bung-hole at the bottom, and kept down by a 
weight in each a way that the air in the upper* iwt 
of the barrels oould not escape, unless the lower end 
of these pipes were first lifted up. These air barrels^ 
by means ef proper tackle, were made to rise and fall 
in succession, like two buckets in a well ; in thev 
descent they were directed to the divers by ropea 
fastened to tlie under edge of the bell, and one person 
held himself always in readiness to receive them, and 
by taking up the end of the pipes above the surface oi 
the water in the bell, the water by its pressure filled 
the barrels, while the air they contained rushed into 
the upper part of the bell. As soon as one barrel was 
discharged, by a signal given it was drawn up, and 
another sent down ; thus a continual supply of fresh 
air was supplied to the divers. Mean-while, as the 
cold air rushed into the bell from the barrel, it 
expelled the hot air at the top where the stop-cock 
was opened for that purpose. Dr. Halley was him* 
self one of five, who went down together in bis bell ; 
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ihey remained at the bottom, at the depth of ten 
fiithom8> for an hour and a half without experieociog 
any ill effects, and might have continued any length 
of time that they chose. The window in the top of 
the bell let in so mnch light, that when the sun shone, 
and the sea was unruffled, tiiey could read and write 
with great ease, and could see the pebbles or take up 
any small objects that happened to be at the bottom ; 
but every thing they saw appeared red. By writing 
with pieces of sharpened iron upon small pieces of lead, 
which they sent up with the returning air barrel, they 
maintained a communication with those above, and 
directed the bell to be moved as they desired. In 
misty weather, and when the sea was rough, it was 
nearly dark in the bell, and it became necessary to 
burn a oandle, which consumed as mnch air as (me 
person. The divers in descending with this bell, felt 
a pain in their ears ; as if the end of a quill had been 
thrust into them. The sensation was owing to the 
pressure of the condensed air upon the tympanum ; 
It went off gradually as the air in their bodies became 
as dense as that without. It appears by this account^ 
that the prrssnre of a double or even threefold 
atmosphere is much more endurable than the diminu- 
tion of the ordinary pressure to half a single atmos- 
phere. 

The main rope by which a diving-bell is supported, 
ought to be soaked in water before it is used ; or it 
would perhaps be still better if a chair were substituted. 
An instance occunred in the bay of Dublin, where the 
rope, in suffering the contraction which water always 
occasions, caused a diving-bell to turn round, by which 
means the signal strings were entangled. The people 
above, not receiving the expected signals, drew up the 
bell ; but they were too late ; the two men it contained 
were both dead ; not drowned, but suffocated by the 
want of a supply of fresh air. 

Another circumstance propor to be attended to, in 
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tttiD^ft dinog-Ml, IB to lower it rery gndoallj 
ibfoogh the water, to iNweat the iDJiiiioas csflSsets 
which the fthrapt eondeiwatioB of the air oontained in 
it might have upon the omml 



HYDRAULICS. 

Wb will DOW consider the objects of hydraulics, which 
idate to the laws and nses of fluids in motion. Hera, 
as in hydrostatics, thonffh the doctrine laid down 
might be applied to flmds in general, allowing for 
dt&renees in density, yet water is the fluid constantly 
feferred to ; because it is the fluid with which men 
are most eztensively concerned, and elucidations 
specifically applied give greater precision to the 
subject. 

MOnOV OF WAT£B FLOWUfO OCT OP RBSBRTOIBS. 

When a Tessel, containing water, and open at the 
top, is pierced bebw the surface of the fluid, the 
velocity with which the water flows out is obsenred 
to be greatest at first, and to diminish gradually as 
the water sinks, and the nearer the aperture is to the 
bottom, the greater the quantity which flows out in a 
given time. From a hole on the level with the bottom 
of the vessel, the water would emerge with nearly the 
same velocity as if it were in the bottom. This egress 
of fluids from the perforated sides of vessels, ia a con* 
sequence and a proof of their pressing in every 
direction : and the law, which governs the rate of it, 
is an admirable illustration of the harmony which 
distinguishes the operations of nature, although our 
limited powers are but occasionally competent to its 
developement : the velocity with which water flows 
out of an aperture at the side or bottom of a vessel, is 
as the square root of the distance of the aperture from 
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the sorfiace of the water. This is but saying in other 
words, that the velocity is according to the pressure 
or force which occasions it, and it has ahready been 
demonstrated that the pressures of fluids is as their 
perpendicular heights. In order therefore that double 
the quantity of water may flow through one hole that 
flows through another of the same size, the former 
must be four times as far from the surface as the 
latter ; and if a supply of three times the quantity of 
water be required, without changing the size of the 
aperture ; three times the velocity must be produced, 
and three times the velocity will require nine times 
the pressure; consequently the hole must be nine 
times as far from the surface of the fluid, as that which 
only produced a third of the supply. An experiment 
in proof of these positions is easily made: let two 
equal pipes be fixed into the side of a vessel containing 
water, but one of them at four times the distance from 
the other from the surfiioe : let the pipes be allowed 
to run at the same moment, while water is constantly 
poured into the vessel, and kept at the same height in 
it dttriag the experiment. Then if a onp that holds a 
pint be so plaeed as to receive the water that spouts 
from the upper pipe ; and at the same time, a cup 
that contains a quart, be placed to receive the water 
from the lower pipe, both cups will become full at the 
same moment. 

The horizontal distance to which a fluid will spout 
from an aperture, in any part of the side of an upright 
vessel, below the surface of tlie fluid, is equal to twice 
the length of a perpendicular to the side of the vessel, 
drawn from the mouth of the pipe to a semi-circle 
described upon the altitude of the fluid ; and therefore, 
the distance will be the greatest possible when the 
mouth of the pipe is at the centre of the semi -circle ; 
because a perpendicular to its diameter (supposed 
parrallel to the side of the vessel) drawn from that 
point, is the longest that can possibly be drawn from 
I 2 
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any part of the diameter to the circumference of the 
semi- circle. 

The progress of water through a pipe is greatly 
retarded by every deviation from a straight direction, 
and by every enhtrgement, contraction, projection, or 
roughness it meets with in its passage ; and most of 
these irregularities are of too variable a nature to be 
Bubmittea to regular calculation. They operate in 
occasioniog eddies or contrary currents, in counter- 
acting which part of the moving force is inevitably 
lost. To avoid as much as possible the retardation 
from flexure, when it is necessary to give a new 
direction to a pipe, the point of flexure should not be 
sharp, but take as comprehensive a sweep as can be 
allowed. 

MOTION OF WATER IN RIYBRB, AND WAVES. 

Thb motion of a river is in general produced by gravi- 
tation, which obliges the water to descend from a 
higher to a lower situation ; and therefore it is swift 
or slow according as the descent or inclination of the 
bed of the river is great or small. Sometimes, or in 
some parts of rivers, the motion is produced by pres- 
sure, or disposition of the water to spread itself out, 
in which case it increases with the depth. 

To ascertain whether the water of a river, almost 
horizontal, flows by means of the velocity acquired in 
its descent, or by the pressure of its depth, set up a 
stake perpendicularly in it, then if the water rise and 
swell immediately against the stake, it is the descent 
which occasions its motion ; but if it first stop a 
little, it is impelled by pressure. 

A very simple mode of ascertaining the mean velo- 
city of a stream, consists in the use of a pole of light 
wood, about the same length as the depth of the 
stream : the lower end of this pole is loaded, so that 
in the water it will remain in a vertical position, with 
its upper end near the surface; the preparation is 
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finished by fixing in the upper end, exactly in the di- 
rection of its axis, a slender rod to project above the 
water. This pole being placed in a river, the rod 
will point up or down according as the stream is 
swiftest at the surface or near the bed ; and the rate 
of its motion, in any given space of time, will be the 
mean velocity of that place. 

The waves formed on water by the action of the 
wind, are superficial oscillations of the wind that are 
by no means so irregular in their action as might be 
inferred. The first impression of the wind upon the 
water is to produce a cavity ; this cavity cannot be 
produced without heaping up the water before it ; the 
water thus heaped, having attained an elevation pro- 
portionate to the force which caused the depression, 
sinks down towards its level, but in thus sinking down, 
it acquires a velocity which carries it below its level ; 
by this means it produces a depression like that caused 
by the wind in the first instance, and thus successive 
waves are propagated, but the motion diminishes in 
proportion to the distance over which the force 
extends. 

The depth to which the sea is agitated, even in vio- 
lent tempests, is not very considerable ; at the depth 
of twenty feet below what is the level in a calm, the 
effect is very slight, and at thirty feet it would pro- 
bably be altogether imperceptible. It may therefore 
seem^ difficult to account for the mountainous waves 
encountered by seamen ; but it must be remembered 
that the wind is constantly acting, and that one wave 
is raised on the top of another, till the accumulation 
becomes prodigious. 

When a stone or any other body is thrown into a 
vessel containing oil, it agitates the surface nearly as 
much as if thrown into a like quantity of water ; but 
the power of the wind on a surface of oil is exceedingly 
small, and incapable of producing more than a sliglit 
undulation. A quantity of oil in the proportion of an 
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eanoe to an acre poared osi on the windwmid aide of 
» lake, will spread itaelf over the wlMde euiCMse, and 
atUl the waves laiaed bj the wind. 

HTDRAULIC MACHMBB. 

TuERE are many machines for hydraulic purposes which 
the limits of this volnme will prevent ns from giving 
little more than their names and nses ; but this is the 
less to be regretted as they are in general so well 
known that a short notice of them here will suffice. 

The common pnmp with which water is drawn out 
of wells is usually called a Sucking- Pump. This ap- 
pellative originated at a period when the effect was 
attributed to suction, and ought to have been rejected 
when the pressure of the atmosphere was proved to 
be the efficient agent in causing the water to rise. 

The velocity of the stroke of a pump should never 
be less than four inches, nor greater than two or three 
feet in a second ; the stroke should be as long as pos- 
sible, to prevent loss of water by the frequent alterna- 
tions of the valves. The diameter ci the suction-pipe 
is best proportioned, when it is firom two-thirds to 
three-fourths of that of the barrel. 

The Lifting Pump is generally ussd for great water- 
works, and where the water is not to be brought up 
from any great depth. It is variously constructed, 
but in general the upper valve is fixed, and the lower 
one moveable ; and the water is, in fact, lifted, as if 
it were in a bucket ; the sides of the bucket being 
formed by the barrel, and the piston forming its 
bottom. 

The Forcing Pump is furnished with two valves, 
which are both stationary, or open and shut in the 
same situation. A forcing pump is the essential part 
of an engine for extinguishing fires. These engines 
have generally two forcing pumps, and the pipe for 
the air vessel, except at the extremity, is made of 
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katfaer, or some pliable material, that the jet may be 
easily directed to any given point. 

The Screw of An^imides. — This useful invention 
originated with the famous Archimides of Syracuse. 
It IS formed by wrapping a tube around a cylinder, in 
the form of the thread of a screw. The cylinder is 
suspended upon pivots, and turned by means of a 
winch ; its position is inclined to the horizon, with its 
lower end in the water to be raised. The tube or 
spiral is open at both ends, and when, by turning the 
winch, the lower orifice strikes the water, the water 
gradually rises in the tube till it is at last discharged 
at the upper orifice. When the water is raised out of 
a river by means of this screw, if a wheel with float • 
boards be attached, the screw will be wrought by the 
stream itself. 

This screw has been successfully used to propel 
steam-boats, in place of the paddle-wheels. 

The Rop$ Pump. — If a pulley, set in motion by a 
large wheel, is fixed in a suitable frame over the 
mouth of a well, while another pulley is situated in a 
similar situation in the water of the well, and an 
endless rope passes over both pulleys ; on revolving 
the larc^e wheel, every part of the rope will succes- 
sively dip into the well, and after attaining the top of 
the upper pulley, will, in descending, throw ofi^, by its 
centrifugal force, a portion of the water it has imbibed, 
the quantity of which, when the rotation is quick, will 
be very considerable. 

The Hydrcuilic Press, — ^This is a very useful inven - 
tion for those who require great pressure, such as 
packers, printers, &c. It occupies very little space, 
and may be made several hundred tons pressure, 
which can be applied at any time by a boy. 

The iSteam Engine. — ^The first person who enter- 
tained the idea of employing steam as a motive force, 
is not certainly known ; but the earliest application of 
steam to this object, is not carried further back than 



154 PANORAMA OF 8CIENCB. 

the year 1629, when an Italian, called Brancas, pnV- 
lished an account of an invention of his, in which 
steam ejected from a large »olipile wae the force that 
wrought a stamping engine. Thirty*four years after* 
wards, in 1663, the Marquisof Worcester, a nohleman 
of great ingenuity, published a little work, called 
^^ A Century of Inventions," in which one hundred 
mtrivances of his own were enumerated ; the account 
he furnishes of each is short, and often very ohscure ; 
with the latter fault is particularly chargeable in the 
description he furnishes of an engine for raising water 
by the force of steam. At this day we have no means 
of certainly knowing whether the discovery of Brancas 
was known to the Marquis or not ; but it is not sus- 
pected that he was acquainted with it, and therefore 
the English are inclined to consider the original idea 
of the steam-engine as having arisen in their own 
country : the French, on the contrary, claim it for 
themselves, and bring forward the name of Papin ; 
bat Papin *s application of steam as a motive force waa 
not published till 1690, which waa twenty*seven 
years after the Marquis of Worcester's publication. 
But let it even be supposed, that for Brancas, the 
Marquis, and Papin, the claim to independent and 
original invention could be substantiated, yet the 
Italians and the French have no claim to notice after- 
wards for following up the ideas of their countrymen ; 
it is solely to the English that the world is indebted 
fur rendering the steam-engine what it now is, the 
noblest machinery ever invented by man ; the pride 
of the machinest, — the admiration of the philosopher. 
Animals require long and frequent periods of relaxa- 
tion from fatigue ; and any great accumulation of their 
power is not obtained without great expense and 
inconvenience ; the wind is changeable to a proverb ; 
and water, the constancy of which is in few places 
equal to the wants of the machinist, cannot in general 
be obtained on the spot where other oircumstanoes 
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require machiaery to be erected. To relieve us from 
all these difficulties, the last century has given us the 
steam-engine for a resource ; the power of this assistant 
may be accumulated indefiuitely ; it requires but little 
]*oom ; it may be erected in all places ; and its mighty 
services are always at our command ; whether in 
winter or in summer, by day or by night, it knows of 
DO intermission but what our wishes dictate. But 
we must forbear as we could fill a volume oa this 
subject. 



MAGNETISM. 

A PECULIAR species of attraction, exerted by bodies 
ealled magnets or loadstones, receives the appellation 
of moffneiism. 

Of magnets there are two kinds, vis,, the natural 
and the furtificial. The natural magnet is a mineral, 
so hard as to strike fire with steel ; its colour is dull, 
and generally either dark grey, or brown, or nearly 
black. It is an ore of iron, and derives its name of 
magnet from its possessing the singular property of 
attracting ferruginous substances, with a force entirely 
independent of the ordinary properties of matter. — 
This power of attraction may be communicated to 
iron in any state, under a variety of circumstances ; 
and iron imbued with it in any considerable degree, is 
called an artificial magnet or loacktone. Magnetism is 
an accidental property of iron, whicb may either 
possess or be deprived of it without losing any of its 
essential characteristics. 

Magnetic attraction was till lately supposed to be 
exerted by ferruginous bodies alone on other ferru- 
ginous bodies, and hence the use of the magnet was 
resorted to, with a view to detect the presence of 
irou; but modern investigations render it probable 
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that nikel is also susceptible of it. Richter, haTing 
roade a series of experiments on this metal, considers 
it more attractable by the loadstone than iron ; and 
Clienwix is of opinion that both nikel and cobalt are 
really magnetic ; and that, when this does not appear 
to be the case, it is owing to their combination with 
arsenic. 

A magnet, suspended by a thread, or placed in any 
situation that leaves it at liberty to move with free- 
dom, turns one part of its surface towards the north 
pole of the earth, and, consequently, the opposite part 
of its surface towards the south pole. Those parts of 
the surface of a magnet which assume the position 
stated, are called its pole» ; they are not reyersible 
points, but the pole which is at any time observed to 
point towards the north, always points in the same 
direction, or nearly so, and the like remark roust, of 
course, apply to the other, or south pole. 

The attractive properties of the magnet have been 
known from time immemorial; but it was not till 
about the close of the twelfth, or beginning of the 
thirteenth century, that its directive property became 
known. The discovery of it is generally attributed to 
John de Gioja, a handicraft of Naples, although 
several authors, previous to his time, had obscurely 
hinted their knowledge of it. Gioja, having observed 
the property by acciaent in a few magnets, soon ex- 
tended his researches, and found that it was common 
to them all, at least at the place where he lived. 
Sensible of the value of the acquisition the world 
would obtain if the property he had thus discovered 
remained unimpaired by time or place, he roade 
several journeys to various parts of Italy, to prove its 
immutability, and his inquiries satisfied him that 
there was no perceptible difference in it, except by 
the vicinity of masses of iron. The first trial of the 
directive power of the magnet on the water consisted 
in mooring a vessel out at sea, in a direction cor- 
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responding with that of the magnet; and a boat, 
having a magnet suspended by its centre on a pivot, 
was despatched at night in the exact line the magnet 
pointed out, tlie consequence of which was, that it 
arrived at the place where the vessel was at anchor. 
Such was the origin of the mariner's compass, the 
inestimable value of which as a guide in crossing the 
ocean, and trackless deserts, as well as in other cir- 
cumstances of minor importance, can be more duly 
appreciated by the supposition of our situation under 
the want of it, than by any other means. 

The magnetic needle does not, in general, rest ex- 
actly in the direction of the meridian of the place 
where it is observed, consequently not directly north 
and south. This phenomenon, which is called the 
Declination of the Magnet^ was discovered in the 
year 1500 ; but the son of Columbus asserts, that his 
father observed it in 1492. At first it was not 
doubted, that the magnetic declination was an equal 
quantity at all times and places ; but Gellibrand, an 
Englishman, discovered that it was variable, and 
published an account of this discovery in a pamphlet 
printed in 1635. 

Another property of the magnetic needle, much 
more singular than that of the declination is, that 
when suspended by the point which would be its 
centre of gravity according to its mass of matter, it 
does not remain horizontAl, but one extremity sinks 
lower than the other. This is called the dipping of 
the needle or magnet, and it varies in different lati- 
tudes. In the southern hemisphere, it is the south 
pole which is depressed ; and in the northern hemi- 
sphere it is the north pole. At the equator, the 
needle assumes a position almost correctly horizontal. 
The dipping of the needle was discovered by R. Nor- 
man, who published his account of it in 1581, but he 
had ascertained the fact a considerable time 
previously. 

K 
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If the north pole of one magnet be presented to 
tlie south pole of anotlier, the two magnets will 
attract each other ; but if the north pole of one be 
presented to the north pole of the other, they will 
repel each other, provided they be suspended by 
thread, or in any way at liberty to move with perfect 
freedom. This is called Mcign^ie Mepuision, 

Magnetic repulsion never takes place except be- 
tween> pol^s of the same name; thus a north poW 
repels a north pole ; and a south pole repels a south 
pole ; yet, when the north pole of a weak magnet is 
presented to the north pole of a powerful one, an 
attraction is often observed ; but when this occurs, it 
is found that the poles of the weaker magnet have 
been in reality reversed, and its north pole ha» 
acquired polarity. 

THEORY OF MA0MBTI8M. 

Tbe only proposition towards the Theory of Magnet- 
ism, which seems placed beyond the readi of dioubt, 
IS, that the earth itself acts as a great magnet ; and if 
this be evident, it will: scarcely be denied, that all 
ether magnets derive their properties and pcrwer from 
ks eflects. Supposing the earth to bo a magnet, the 
manner in which it operates^ in causing the directive 
property and inclination, or dipping of the needle, is 
fust what might be expected, and may be exemplified 
by an easy experiment r over the needle of a magnet, 
hold a magnetised needle, suspended by a fine thread, 
and so fixed, that if it were removed to- a distance 
from any magnet or iron, it would remain horizontal. 
In this position, the needle, being equally attracted 
by both ends of the magnet, remains horizontal, but 
it turns its north pole to the south pole of the mag-« 
aet, and its south pole to the north pole of the magnet. 
A globular magnet exhibits this epitome of magnetism^ 
in a still more agreeable manner, and a magnet of that 
kind, made for the pnrpose, is called a terella, or little 
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earth. As the large magaet, in this experiment, acts 
upon the needle, so does the earth upon all other mag- 
nets. When the centre of the needle, in this experi- 
ment, is over the centre of the magnet, it corresponds 
nearly to the situation of any suspended magnet at the 
equator of the earth, where the attraction from both 
poles is nearly equal ; and where the needle would be 
exactly horizontal, if the magnetical and geographical 
poles of the earth coincided ; but as this is not the 
case, the magnetical and geographical equators are 
differently situated. 

That the earth is a magnet also admits of strong 
collateral proofs ; it may be inferred from the vast 
quantities of ferruginous bodies contained in it, which 
are often dug up in a magnetical state, and from the 
magnetism which iron acquires by its position. Yet 
all this carries us but a very little way towards ft com- 
plete theory of magnetism. For example, it is found, 
that the magnetical poles of the earth change their 
situation, and this singular circumstance has opened n 
wide field for speculation. It has been supposed that 
the earth contains a detached internal magnet, which 
has a different motion from that of the estfth, though 
both their axes coincide. This internal loadstone is 
supposed to be separated from the outer globe or earth 
by a fluid medium ; and to account for the variation of 
the needle westward, they suppose its motion with 
respect to that of the earth, to be such, that Hs north 
pole reTolves from east to west, at the rate of one de- 
gree in five years, so as to make a complete rerohition 
m 1920 years. This theory baa never given much 
satisfaction ; and it seems much more rational to con- 
dude, that the magnetism of the earth arises from the 
magnetism of all the magnetic substances it contains 
whether intermixed with other bodies or not ; that 
the magnetic poles of the earth may be considered as 
the centres of the polarities of all the particular aggre- 
gates of tlie magnetic substances within the earth, are 
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bf various eaxaes altered, 00 as to have their power 
diminished, increased, approach to, or remoyal from 
the principal poles^ The agents adequate to the 
production of these effects may be, heat and cnld, 
volcanoes, earthquakes, electricity, chemical decompo* 
sitions, and probably several others, of which philoso- 
phers have no knowledge. 

By those who had so far deserted the paths of 
morality, as greedily to fatten upon the weaknesses of 
their fellow creatures, and boldly to venture upon any 
practice, however really flagitious, if it promisied gain, 
and was screened from legal punishment ; a pretended 
art, called animal magnetism, was impudently an- 
nounced as curative of all diseases incident to the 
human body. The vulgar, who are always perversely 
fond of a mysterious creed, seized the bait, and the 
pockets of the projectors overflowed with the receipts 
of their impositions* When the folly of the moment 
had passed away, and the subject was rationally 
examined, abundant evidence was furnished, that 
though the human body contained, like most other 
substances, a small quantity of iron, the action of 
magnetism produced no physical change upon it, and 
that, therefore, the cures said to have been performed 
by magnetic sympathy, were either absolute false- 
hoods, or mere efforts of a deluded imagination. After 
animal magnetism appeared to have bad its day, and 
was sinking fast into disrepute, it was succeeded by a 
kindred invention, the wonders of which were per- 
formed by rods of metal called metallic tractors ; but 
these quickly followed their parent to the grave. 

HAGDETICAL INSTRUMENTS. 

The Mariners Compass, — ^The chief magnetical instru- 
ment is the mariner s compass, which consists of a 
circular brass box, containing a card or paper divided 
into thirty-two points, at each of which is given the 
name of a particular wind, or name of the direction 
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to which it points. Over the centre of this card is 
suspended an artificial magnet, which, from the small- 
ness of its size, is called a needle. As the needle, 
allowing for its declination, always tarns its north 
pole to the north, the helmsman can either keep the 
stem of the vessel always in the same direction, in 
which case he will always sail due north, or he can 
keep it in a direction any namher of degrees distant 
from the north at his pleasure, by which means the 
compass becomes a universal guide. 

In steering a vessel, it has been usual for the helms- 
man to have one compass, and the captain in liis cabin 
to have another, and the want of a perfect cor- 
respondence between the instruments, or the inatten- 
tion of one party, often rendered the helmsman 
chargeable with neglect, which he refused to acknow- 
ledge. To remedy such inconveniences, an improve- 
ment on the compass was made, by which the 
instrument used by the helmsman could at all times 
be seen from the cabin. 

The AzimtUh Compass. — This instrument is nearly 
the same as the preceding : the principal difference 
consists in its being adapted to two sights, through 
which the sun or a star may be seen, to find its azi- 
muth, and thence to ascertain the declination of the 
needle at the place of observation. 

The Dipping Needle, — To form this instrument, an 
axis is passed through a needle, of the same shape as 
the compass needle ; the terminations of the axis are 
conical, and they fit into small holes, of the same 
shape, in two cross bars. The needle before it is 
magnetised, must be made so as to lie perfectly hori- 
zontal when suspended between those bars; then 
after being rendered magnetic, its north pole will be 
found in this country to dip about seventy-two degrees 
below its former situation, or level of the horizon. In 
a lower latitude the dip will not be so great ; in a 
higher latitude it will be greater; and at the magnetio 
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pole, wliicli cannot be fiir remoyed from the pole of 
the earth, it would doubtless be yertioaL 

HAQNBTICAL SXPBBIMBNT8. 

1. If a small magnet be placed upon a taUe strewn 
with iron filings, and a tremulous motion be given to 
the table by a few blows, the filings will be observed 
to arrange themselves in a very curie us manner. From 
the centre of each hand or pole of the magnet, they 
will lie nearly in a straight line ; but on each side of 
the magnet they will dispose themselves in concentric 
curves, both extremities of which terminate in the 
sides of the magnet, and they have pretty nearly the 
magnetic centre for their middle point. The cause of 
this appearance is, that each particle of iron becomesii 
for the moment, a magnet, and disposes itself accord* 
ingly at the place where it lies; attracting, at the 
same time, the opposite poles of the neighbouring 
particles. 

2. If a straight piece of wire which has been ren- 
dered magnetical, be twisted in a spiral form, its 
magnetbm will be strangely confused : in some parts 
it will attract, in others repel the same pole ; and this 
will, in some portions of the wire, take place on its 
opposite sides. This experiment appears to indicate 
the disposition of the fluid to flow in a right line. 

3. A tee-totum with a piece of iron at the top of it 
may, even while in motion, be taken up by a magnet, 
and its motion, while thus suspended vertically, will 
continue as if it remained upon the table. The 
experiment may be rendered still more diverting, by 
taking up another tee-totum by the bottom of the 
first, and this second may have its motion in a com- 
pletely opposite direction to the other. 

ELBGTRO-MAGNBTISM. 

The analogies that exist between the phenomena of 
magnetism and those of eleetrieity, in their general 
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chamcier, iii the laws which govern them, and in the 
various combinations they present, are so extensive 
and so remarkable, as naturally to suggest the notion 
that the agencies themselves from which they proceed 
must be allied to one another by some close and in- 
timate relation. Adventurous theorists have advanced 
the doctrine that each of these principles is merely a 
modi&cainon of the other, and that both may be. fo- 
garded as ultimately identteal in their nature, con- 
stituting instead of two Separate and primary powers 
a single f>ower of a liigher order of simplicity. 

Tl^ oennexion between magnetism and electriofty 
was a favourite subject of speculation and inquiry 
among philosophers in the middle of tlie last century. 
Many were the efforts made to resolve this seductive 
problem, which continued, however, to ba£le tike 
labours of each suoeeeding «xperimeutaUst, who mul- 
tiplied his attempts, and varied his processes, without 
approaching nearer to the point he aioied at:; and also 
to elude the reasonings of those who theorised upon 
every new fact until they bewildered both themselves 
and their readers in the mazes of visionary and con- 
flicting hypotheses. 

In the year 17S4, the following question was pro- 
posed by the Electoral Academy of Bavaria as the 
subject of a prize dissertation. — ^^ Is there a real and 
physical analogy between electric and magnetic 
forces ; and, if such analogy exist, in what man- 
ner do these foroes act upon the animal body?" 
The essays received by the Academy on that occasion, 
were collected and published ten years afterwards, by 
Professor Van Swiaden, of Franeker, the author of 
one of the essays for which the prize was awarded. 
The conclusion at which he arrived, after a long and 
elaborate discussion of the subject, was that the 
similarity between electricity and magnetism amounts 
merely to an apparent resemblance, and does not 
constitute a true physical analogy ; whence he infers, 
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that these two powers are essentially different and 
distinct from one another. The opposite opinion, 
the other hand, was maintained by Professors 
Steiglehmer and Hubner, who contended that so close 
an analogy as that exhibited by these two classes of 
phenomena, indicated the effects of a single agent, 
Taried only in consequence of a diversity of circum- 
stances. So many new facts haye been brought to 
light since the time in which these authors wrote, 
that the reasonings adduced on either side in this 
controversy have now lost their interest, excepting 
that it is still curious to observe by what devious 
paths they were led away from the truth, at the mo- 
ment when they had nearly reached it, and when a 
very slight variation in the form of the experiments 
would at once have disclosed it to their view. 

Subsequent discoveries relating to the laws of 
electric and magnetic action both as respects attraction 
and repulsion, and also induction, have tended to 
confirm the analogy between them, and to corroborate 
the opinion that they ultimately emanate from a 
common source. Electricity, it is true, affects every 
species of matter with which we are acquainted, in 
nearly an equal degree; while magnetism, although 
perhaps equally universal in its operation, yet acts 
very feebly, and, probably, unequally upon most 
kinds of matter, and certainly exerts its principal 
energy upon iron, a circumstance which has to this 
day remained inexplicable ; although we have ac*- 
quired the knowledge that electricity, under certain 
modifications, will produce every effect of magnetism. 
Electricity, we know, may be transferred from one 
body to another ; but magnetis.m can be excited by 
induction only, and is incapable of any similar kind of 
of transference. Still, however, there existed umny 
positive facts, which, independently of all analagy, 
demonstrated that the magnetic needle was occa- 
sionally influenced in its movements by the action of 
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dectricity ; and thai, in certain cases, the magnetic 
properties conld he excited hy electric explosions. 
The appearance of the aurora horealis, which has all 
the characters of an electric phenomenon, has been 
very frequently observed to be accompanied by a dis- 
turbance in the position of the compass ; and a deli- 
cately suspended magnetic needle has generally ex- 
hibited on these occasions, V3ry frequent oscillations. 
Lightning, which is still more decidedly electric has 
been known in numberless instances, to destroy, and 
sometimes to reverse the polarity of the compass- 
needle ; and many disastrous accidents happening to 
ships, in consequence of their mistaking their course, 
may very probably have been owing to this cause. In 
confirmation of this, we meet with a narrative re- 
corded in the Philsophical Transactions, in which the 
ship Alexander, being one hundred leagues from Cape 
Cod, in latitude 48 degress, encountered a violent 
thunder-storm; the mast was struck by lightning, 
which also reversed the poles of all the compasses in 
the ship, a change which was not discovered till the 
ensuing night, when the stars appeared, and it was 
found that they had been steering in the opposite 
course to that which they intended. It is also stated, 
that in one of the compasses, the end which had 
before pointed to the north now pointed to the west. 
Another instance is recorded in the same work, 
where a stroke of lightning passed through a box 
containing a great number of knives and forks, melting 
some, and scattering the rest about the room. It was 
found that all those which were not melted had been 
rendered strongly magnetic, so as to take up large 
nails, and other pieces of iron placed near them. 

Experiments were tried with the electric battery, 
in imitation of these effects, and in order to ascertain 
the circumstances on which they depended. But 
although steel bars were easily rendered magnetic by 
passing strong electric shocks through them, yet the 
K 5 
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results were by no means uniform, and no general law 
could be traced as goTeming the production and dis- 
tribution of the polarity thus induced. A large pro- 
portion of the effects appeared to be referable to the 
concussion which the particles of the bar receiyed in 
consequence of the violence with which the accumu- 
lated torrent of electricity rushed through them, 
thereby giving efficacy to tlie inductive influence of 
the earth. The experiments of Mr. Scoresby, as 
reported in the Transactions of the Royal Society of 
Edinburgh, made with a view of determining the 
amount of this influence when aided by electric con<» 
cussion fully confirmed the principle upon which thai 
mode of explaining the phenomenon rests, by showing 
that the action of a powerful electric shock is, in a 
great measure, similar to that of a blow from a ham« 
mer, or to the forcible twisting of the iron, or any 
kind of mechanical violence. 

Nothing illustrates more forcibly the proneness of 
the human mind to draw general conclusions from 
insufficient data, than the various opinions so con- 
fidently maintained by different experimentalists on 
thb subject. 

As nothing had been gained by following the more 
violent operations of highly-condensed charges of 
electricity, other philosophers occupied themselves in 
tlie attentive study of the more tranquil influence of 
this agent, when merely accumulated in insulated con- 
ductors, and exerting simply its attractive and repul- 
sive powers in conjunction with those of magnetism. 
But however the actions might be combined, nothing 
could be detected that indicated any interference of 
agency or modification of effect consequent on the 
•combination. An electrified body is found to exert 
the same attractions and repulsions on a magnetised 
needle, as it does on the same needle when devoid of 
magnetism ; nor does it, like magnetism, exhibit any 
decided preference for iron compared with its actiom 
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magnetic properties. These experiments suggested to 
Bitter some vague idea that electrical combinations, 
when not exhibiting their eleotric tension, were in a 
magnetic state; and that there existed a kind of 
electro -magnetic meridian, depending on the elec- 
tricity of the earth, at right angles to the magnetic 
poles. But these speculatious weie of too crude a 
nature to throw any distinct light on the true connec- 
tion between magnetism and electricity. 

The real discoverer of the magnetic properties of 
electric currents was M. Oersted, Professor of Natural 
Philosophy, and Secretary of the Royal Society of 
Copenhagen. In a work which he published about 
the year 1813, on the identity of chemical and electri- 
cal forces, he had thrown out conjectures concerning the 
relations subsisting between the electric, galvanic, and 
magnetic fluids, which he conceived might diffier froai 
one another only in their respective degrees of tension. 
If galvanism, he argued, be merely a latent form of 
electricity, so magnetism may possibly be nothing 
more than electricity in a still more latent form ; and 
he therefore proposed it as a subject^ worthy of 
enquiry, whether electricity, employed in this, its 
most latent form, might not be found to have a sen- 
sible effect upon a magnet. It is difficult clearly to 
understand what he means by the expression of latent 
form, as applied to electricity, but it is sufficient for 
us to know that in the various endeavours he subse- 
quently made to verify his conjectures, he was led to 
such forms of experiment as afforded decisive indica- 
tions of the influence of Voltaic currents on the mag- 
netised needle. Yet even after he bad succeeded 
thus far, it was a matter of real difficulty to determine 
the real direction of this action, and it was not till 
six years afterwards that his perseverance was at 
length rewarded by complete success. 

The first account of his discovery that appeared in 
England, is contained in a paper which he himself 
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communicated, in Thompson's Annals of Philosophy^, 
for October, 1820; and in which the two following 
experiments are described: — The two poles of a 
powerful Voltaic battery were connected by a metallic 
wire so as to complete the galvanic circuit. The wire 
^hich performs this office is called the uniting wire ; 
and the effect, whatever it may be which takes place 
in this conductor, and in the space surrounding it, 
during the passage of the electricity, he designates by 
the term decttic (xmflict, from an idea that there takes 
place some continued collision and neutralisation of the 
two species of electric fluids, while circulating in 
opposite currents in the apparatus. Then taking a 
magnetic needle properly balanced on its point, as in 
the mariuer s compass, and allowing it to assume its 
natural position in the magnetic meridian, be placed a 
straight portion of the uniting wire horizontally above 
the needle, and in a direction parallel to it ; and then 
completed the circuit, so that the electric current 
passed through the wire. The moment this was 
done the needle changed its position, its end deviating 
from the north and south towards the east and west, 
according to the direction in which the electric current 
flowed, so that by reversing the direction of the cur- 
rent, the motion of the needle was also reversed. The 
general result he expressed as follows : — " That end of 
the needle which is situated next to the negative side of 
the battery, or towards which the current of positive 
electricity is flowing, immediately moves to the 
westward. 

The deviation of the needle is the same, whether 
the uniting wire, instead of being immediately above 
the needle, be placed somewhat to the east or west of 
it, provided it continue parallel to, and always above 
t. This shows that the effect is not the result of a 
simple attractive or repulsive influence, for the same 
pole of the magnetic needle, which approaches the 
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Qintiiig wire when placed oo its east nde, recedes from 
it when placed on its west mde. 

If the uoitiDg wire be pkoed in a horizontal plane 
under the magnetic needle the latter is aflbcted to an 
oqnal d^ree as in the former case, but the motionr are 
made in the contrary direction ; lor the pole of the 
needle next to the pole of the battery new dcYiates 
sowards the east. 

When the uniting wire is situated in the same 
horizontal plane as that in which the needle moYes> and 
is at the same time parallel to it, no declination takes 
place either to the east or west ; bnt the needle is in- 
clined, so that the pole next to the end of the wire at 
which the negative electricity enters is depressed, when 
the wire is situated on the west side, and elevated when 
situated on the east side. 

Oersted found that these expmments succeeded 
equally well if the uniting conductiw consisted of one 
or of several wires, or metallic ribbons, connected 
together. Neither i^ the effect altered in its kind, 
though it may vary somewhat in its degree, when 
different metals are used. The conductor still exerts 
this power, although it be interrupted by water, pro- 
vided the interval between the metals does not extend 
to several inches in lengtb. The magnetic ii^uence isi 
the wire on the needle is not prevented by the inter- 
position of glass, metab, wood, water, resin, stones, or 
any other substance that was tried. The effect pro- 
duced, nevertheless, is referable purely to magnetism, 
for it is exerted on magnetic bodies only, and has no 
influence on needles of brass, glass, or gum-lac. 

The announcement of the important discovery of 
Oersted excited the greatest interest among all the 
philosophers of £urope, and they immediately occu- 
pied themselves in repeating and extending his experi- 
ments. Among those who were early distinguished 
by their zeal and activity in this research were Ampere 
and Corago in France, and Sir H« Davy and Faraday, 
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in England. So many were the culiivaiors in this 
new field of inquiry, and so eagerly did they pursue 
the path thus unexpectedly opened, that a great num- 
ber of interesting facts were speedily hrought to light ; 
and where all were pressing forward in the same 
career, it is scarcely possible to adjust the claims to 
the most important facts. 

An attentive examination of what has been already 
stated on this subject will soon convince us that the 
magnetic force, which emanates from the conducting 
wire, is entirely di£ferent in its mode of operation from 
all the other forces in nature with which we are ac- 
quainted. It does not act in a direction parallel to 
that of the current which is passing along the wire, 
nor in any plane passing through that direction. It is 
evidently exerted in a plane perpendicular to the wire, 
but still it has no tendency to move the poles of the 
magnet in a right or radial Hne, either directly towards 
or directly from the wire, as in every other case of at- 
tractive or reptdsive agency. The peculiarity of its 
action is that it produces motion in a circular direction 
all round the wire, that is, in a direction of the tangent 
to a circle described round the wire in a plane perpen- 
dicular to it. Hence, as Mr. Barlow expressed it, 
the electro-magnetic force exerts a tangential action. 

When the direction of the current is reversed, the 
wire still preserving its vertical position, the direction 
of the section is also reversed ; and the circular mo- 
tions produced correspond to the movements of the 
hands of a watch with its face downwards ; that is 
still looking towards the positive electrical pole. 

The actions of either the descending or ascending 
electrical jcurrent upon the south pole of a magnet are 
exactly the reverse of those which are exerted on the 
north pole. On reversing the direction of the current 
these effects will again be reversed. 

It is evident that in the course of experiments on 
electro- magnetism, the current and magnetic poles may 
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be presented to our observation in a great variety o^ 
relative positions ; and it will be found not very euay 
to retain a perfect recollection of the way in whicb the 
force should act conformably to the rule above stated. 
Ampere has hit upon an ingenious method for imprint- 
ing this rule more firmly in the memory, and enable 
us to apply it under a great variety of circumstances. 
The electric currents are not only characterised as posi- 
tive and negative, and as flowing in one or other of two 
directions along the wire that conducts them, but may 
be actually personified and conceived as endowed with 
a head and feet, with a face and back, and with a right 
and left hand. 

It is more natural to fix our attention on the cur- 
rent of positive than of negative electricity. In a 
vertical wire, a descending current will occur to us 
more readily than an ascending one ; or if we imagine 
ourselves borne along by the current, it would be more 
natural to conceive ourselves moving with our feet 
foremost ; but if on the contrary, we conceive our- 
selves to be at rest, we should suppose the current to 
be passing from our head to our feet. Our face would, 
of course, be turned towards the magnetic pole to 
which we are directing our attention ; we should at- 
tend to the north pole in preference to the south ; and 
the movement with which we are most familiar is that 
which we perform with our right hand, as in writing, 
for instance, that is from left to right. Combining 
these conditions then, we may always recollect that if 
we conceive ourselves lying in the direction of the 
current, the stream of positive electricity flowing 
through our head towards our feet, with the magnet 
before us, the north part of that magnet will be to- 
wards our right hand. If any of these conditions be 
reversed, the result will be reversed likewise. 

The direction of the electro- magnetic force being 
thus determined, we have next to ascertain the exact 
law, according to which its intensity varies witli re^ 
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latton to the distance of the electric current from the 
point in which it acts. The most reasonable conjec- 
ture we can form on this subject is, that this law is 
the same with that which is followed in the course of 
electric and magnetic actions, that the intensity of 
force is everywhere inversely as the square of the dis- 
tance. But if this be the real law of action, it must 
apply to the elementary portions of the two agents 
which thus mutually act upon each other ; or, to adopt 
the more convenient language of theory, it must ol)- 
tain only among the elementary particles of the elec- 
tric and magnetic particles of the electric and magnetic 
fluids. In the magnet, the action of the latter may 
be regarded as concentrateed in the points, which are 
the poles of the magnet ; but in tlie conducting wire, 
the electric fluid which is passing through it, acts in 
an equal degree along the whole line of its motion ; 
and admitting the hypothesis of the action being in- 
versely proportional to the squares of the distances of 
each individual particle^ we have to deduce the law 
which will result from the combined actions of all the 
points of a line directed upon a point out of that line. 
Now, it may be mathembtically demonstrated, that if 
the line in question be perfectly straight, and its length 
be exceedingly great in proportion to the distance of 
the point on which it acts, then the intensity of action 
will be inversely proportional, not to the square, but 
to the simple distance of the point, so that at three 
times the distance, for example, the force shall be one- 
third, and four times the distance, one* fourth and so 
on. That this law is conformable to observation, has 
been proved by many experiments, in which the in- 
tensities of tlie force at different distances were ao- 
eurately ascertained by observing the number of oscil- 
lations performed by the needle in a given time, and 
taking the squares of those numbers. 

The discovery of the remarkable phenomena of 
eiectro*magnetiem naturally gave rise to the invention 



174 FANORAMA OF SCIBNCB. 

of a variety of hypotheses for their explanation. Pro- 
fessor Oersted conceived that a distinct chiss of effects 
residted during the act of their re-union, which was 
marked, not only hy mechanical agitations among the 
particles of bodies, by the production of sound, by the 
evolution of light, and by the disengagement of beat, 
but also by the disturbance of the magnetic equilibrium. 
These phenomena seemed to indicate the occurrence 
of great and sudden changes taking place ip the con^ 
ditions of two powerful agents at the moment of their 
coalescence, and suggested to Oersted the' idea that 
something analogous to a shock takes place when the 
fluids rush together from a distance. During galvanic 
action the separation of the two electric fluids, pro- 
ceeding without intermission in one part of the appa** 
ratus, and their re-union being in like manner effected 
in perpetual sequence along the conducting bodies 
which complete the circuit, he conceived that a con< 
tinned series of shocks took place throughout the 
whole line of conductors ; a condition which he ex- 
pressed by the term Electric Corslet. 

If these views be correct, it most follow that the 
electric fluids, which, whether in motion or at rest, 
have, when isolated, no apparent influence on magnetic 
bodies, acquire during their conflict the power of 
affecting these bodies. This hypothesis was expressed 
by Oersted in the following words : — '^ The electric 
conflict acts only on the magnetic particles of matter. 
All non-magnetic bodies appear penetrable by the 
electric conflict, while magnetic bodies, or rather their 
magnetic particles, resist the passage of this conflict. 
Hence they can be moved by the impetus of the con- 
tending powers. It is sufficientiy evident that the 
electric conflict is not confined to the conductor, but 
disposed pretty widely in the circumjacent space. 

^' We may likewise collect that this conflict performs 
circles ; for without this condition, it seems impossible 
that one part of the united wure. when placed below 
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the magnetic pole, should drive it towards the east, 
and when pUiced above it, towards the west : for it is 
the nature of a circle that the motions in opposite 
parts should have an opposite direction. Besides, a 
motion in circles, joined with a progressive-motioo, 
a<Scording to the length of the conductor, ought to 
form a conchoidal or spiral line ; but this, unless I am 
mistaken, contributes nothing to explain the phenomena 
hitherto observed.'" 

^' All the effects of the north are easily understood 
bj supposing that magnetic electricity moves in a 
spiral line l^nt towards the right and propels the 
north pole, but does not act on the south pole. The 
efforts on the south pole are explained in a similar 
manner, if we ascribe to positive electricity a contrary 
motion and power of acting on the south pole, but not 
upon the north." 

The views entertained by Oersted were very 
generally adopted by philosophers who prosecuted the 
path of discovery he had laid open. 

All the effects of terrestial magnetism may be 
imitated by distributing wires round the surface of an 
artificial globe, so as to direct a current of electricity 
through them. Mr. Barlow, in a paper read at the 
Royal Society, describes the followiug experiment, 
which he made with this view. A hollow wooden 
globe, sixteen feet in diameter, was furnished with 
copper wires passing in groves along each parallel of 
latitude for every tenth degree. When an electric 
current was made to pass through these wires, in the 
same direction in each, it was found that a magnetic- 
needle, properly neutralized with regard to the earth's 
action, and suspended in different situations near the 
surface of the artificial globe, arranged itself in 
positions perfectly analogous to those actually assumed 
by the dipping-needle in corresponding regions of the 
earth. It is probable that if we could indefinitely 
multiply these electric currents on a globe so prepared, 
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the apparatus might be made to represent with great 
accuracy every circumstance of magnetic dip and 
direction ; and by employing, instead of a magnetic 
needle, an electro-dynamic cylinder, all the phenomena 
of terrestrial magnetism might be exhibited, without 
the intervention of magnetism, by means of electricity 
alone. 

Professor Seebeck, of Berlin, discovered hi the year 
1822, that currents of electricity might be produced 
by the partial application of heat to a circuit composed 
exclusively of solid conductors. The original experi> 
ment which he established, was first announced in 
this country in the Annals of Philosophy. A bar of 
antimony, about eight inches long, and a half an inch 
square, was taken, and its extremities connected by 
twisting a piece of brass wire round them so as to 
form a loop, each end of the bar having several coils 
of the wire. On heating one of the extremities for a 
short time, with a spirit lamp, electro^magnetic effects 
were produced in every part of a circuit so formed. 
The electric current thus excited has been termed 
Thermo-electric^ in order to distinguish it from the 
common galvanic current, which, as it requires the 
intervention of a fluid element as one of its essential 
components, was denominated Uydro-eHectric current^ 

The chief evidence we possess of the existence of 
thermo-electric currents consists in the production of 
electro-magnetic effects. A compass«needle either 
within or without the circuit, and at a small distance 
from it, is deflected from its natural position with 
regard to the circuit. — Still stronger indications of 
electro-magnetic action are obtained by placing two 
ends of one of the metallic arcs in contact with the 
wires of a galvanometer. The thermo-electric current 
has also been found to excite contractions in the 
muscles of a frog ; but as far as experiments have yet 
been trii}d, it is inadequate to effect chemical decern* 
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positions, the ignttion of metals, or to exhibit sparks 
or any other of the phenomena of ordinary electricity. 

INFLUENCE OF LIGHT ON MAGNETISM. 

Professor Morighini, of Rome, announced his 
having discovered that steel, exposed in a particular 
manner to the concentrated violet rays of the solar 
spectrum, became magnetic ; but the uniform failure 
of the experiment, when tried by other persons, had 
created great doubts of the accuracy of the results as 
reported by Morichini. In the course of some expe- 
riments made by Mr. Christie, in the year 1824, he 
was led to the conclusion that the solar rays actually 
do exert a sensible influence on magnetism, which is 
shown by their afl^ecting the vibrations of a magnetic 
needle exposed to them, quite independently of the 
effects produced by the heat which they impart. A 
needle six inches long, contained in a brass compass, 
but with a glass cover, was suspended by a fine hair, 
and made to vibrate, alternately shaded and exposed 
to the sun. He found, from a number of trials, that 
the vibrations of the needle, when exposed to the sun, 
ceased in a much shorter time than when they took 
place in the shade. That this greater slowness of the 
vibrations was not attributable to a change of tempera- 
ture, was proved by the needle's being observed to 
Tibrate more rapidly when its temperature was raised 
by other means. 

In the Philosophical Transactions for 1826, we are 
informed that, in the summer of 1825, Mrs. Somer- 
ville was induced, by the unusual clearness of tlie 
weather, to investigate the subject. Having at that 
time no information of the manner in which Morichini's 
experiments had been conducted, it occurred to her 
that, if the whole needle were equally exposed to the 
Tiolet rays, it was not probable that the same influ- 
ence which produced a south pole at one end, would, 
si the same time, produce a north pole at the other. 
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She therefore covered half of a slender sewing needle, 
an inch long, with paper, and fixed it in such a man- 
ner as to expose the uncovered part to the violet rajs 
of a spectrum, thrown, hy an equiangular prism of 
flint glass, on a pannel at five feet distance. As the 
place of the spectrum shifted by the motion of the 
sun, the needle was moved so as to keep the exposed 
part constantly in the violet ray. The snn being very 
bright, in less than two hours the needle, which before 
the experiment showed no signs of polarity, had ba- 
cons magnetic, the exposed end having the properties 
ef a north pole. 

The season continuing favourable, afforded doily cm- 
portnuities of repeating and varying the experiments 
with needles of different sizes and placed in different 
positions with respect to the meridian, and at different 
distances from the prism. The result was nearly uni- 
form, and similar to that above stated. It was not 
found necessary to darken the room, provided the 
spectrum was thrown out of the direct solar rays. 

Mrs. Somerville next endeavoured to ascertain 
whether the other prismatic rays had the same pro- 
perty as the violet. Needles previonsfy ascertained 
to be unmagnetic, exposed to the blue and green rays, 
sometimes acquired magnetism, though less uniformly 
and less quickly than in the violet ray : when mag- 
netism was thus communicated, it seemed to be 
equally strong as in the former case. The indigo ray 
succeeded nearly as well as the violet. The exposed 
end, in almost every case, became a north pole. In 
no one instance was magnetism produced by the 
yellow, orange, or red rays, though in some instances 
the same needles were exposed to their infinenee for 
three successive days ; neither did the calorific rays of 
the spectrum produce any sensible effect. 

Pieces of cloak and watch-spring were next tried 
with similar success, and were even found to be more 
«ttsceptible of this peculiar magnetic influence than 
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in constant operation. The influence of the solar rays 
on a surface of vast extent must be very considerable ; 
and excepting in the vicinity of the poles, every por- 
tion of that snrface is exposed in succession to their 
action, and acquires, during that exposure, a certain 
degree of heat, wliich heat is again lost by nocturnal 
radiation. Although the effect of the alternate 
changes of temperature may extend only to a small 
depth beneatli the surface, yet considering their im- 
mense superficial extent, they may be sufficient to 
give rise to thermo-electric currents of considerable 
power. It has been conjectured also, that these effects 
may be combined with an influence of another kind, 
more directly derived from the rotati(m of the earth 
on its axis, on the principle that all bodies have been 
found to exhibit magnetic polarity by rotation. 

That electric currents do really circulate in different 
parts of the solid strata of the earth, is not merely 
matter of conjecture : the existence of such currents 
has been lately proved in the most satisfactory man- 
ner, by Mr. Fox, in a paper ^^ On the Electron-Mag- 
netic properties of metalliferous veins," which was 
published in the Philosophical Transactions. Having 
been led from one theory to entertain the belief that 
a connexion exists between electric action in the 
interior of the earth, and the arrangement of a metal- 
liferous vein, he was anxious to verify this opinion 
by experiment. The first trials he made with this 
view were unsuccessful; but by persevering in his 
attempts, he soon obtained decisive evidence of con- 
siderable electrical action, in the mine of Huel Jev^el, 
in Cornwall. His apparatus consisted of small plates 
of sheet copper, which were fixed in contact with ore 
in the veins by copper nails, or else wedged closely 
against them, by wooden props stretched across the 
galleries of the mine. Between two of these plates, 
at different stations, a communication was made by 
copper wire, one-twentieth of an inch in diameter. 
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which included a galvanometor in its circuit. In some 
instances three hundred fathoms of copper wire were 
employed. 

The intensity of the electric currents was found to 
differ considerably in different places. It was gene- 
rally greater in proportion to thte greater abundance 
of copper ore in the yeins^ and in some degree, also^ 
to the depth of the station* This curious fact may 
possibly afford the miner some useful indications as 
to the relative quantities of the ore which the vein 
contains, and also as to the direction in which it is 
most productive. The electricity thus perpetually in 
motion, does not appear to be in any effect influenced 
by the presence of the workmen's and other candles ; 
nor even by the explosions of gunpowder in blasting. 

Mr. Fox observes, that ores which transmit elec- 
tricity have generally some conducting material inter- 
posed in the veins between them and the surface ; a 
structure which appears to bear some analogy to the 
ordinary galvanic combinations. These electrical cur- 
rents which pervade mines, were found to have various 
and frequently opposite directions in different parts of 
the same mine. 

The metals are probably not the only substances 
capable of giving rise to electrical currents in the 
earth, for it is well known that galvanic combinations 
may be formed by arrangements of elements that are 
not metallic. The direction of each current will, of 
course, be determined by the relative position of the 
elements from which it is derived ; but even if we 
suppose the arrangement of these elements to be for- 
tuituous, a prevailing current will still result, arising 
from the difference of their actions ; for it is infinitely 
improbable that, without a designed arrangement, the 
currents in opposite directions should be exactly equal 
so as to destroy one another. Irregularities of dis- 
tribution probably exist with regard to the materials 
composing the interior of the globe ; the resultant 

L 
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eiectro-magnetie actton of the whole combrnatioir, 
being that of which we witness the effect, and wfaich 
may be considered as duo to electrical currents cir- 
culating in directions parallel to the magnetic equator 
round the surface of the earth. 

Even in the irregularities incident to the magnetic 
forces derived from the earth, we may discover the 
operation of causes which are periodrcnl in their oper- 
atioD. Tlras the diurnal and annual changes of the 
variation, of the needle may be traced to correspond- 
ing changes in the position of the different parts of tlie 
earth, with regard to the sun, in as far as thescr 
electric currents are dependent upon solar influence. 
Tlie progressive changes in the variation, which 
embrace longer periods of time, are less easily ac- 
counted for, and appear referable to causes which act 
at greater depths below the surface of the earth ; and 
are probably connected with chemical ebanges taking 
place in the interior of the globe, of which we can 
possess no certain knowledge. 

On the whole, then, it must be allowed that there 
are strong grounds for the belief that there subsists 
some mutual connection, or rather an intimate relation 
and affinity, between the several imponderable agents,- 
namely, Ifeat, L^kty Meetrieity^ and Magnetism^ 
which pervade in so mysterious a manner all the 
realms of space, and which exert so powerful an in^ 
fittence over all the phenomena of the ufnrverse^ 



ELECTRICITY. 

A OENBRAL idea of a science may be more frequently 
comnranicated by a review of the rise and progress of 
that science, than by any other means. This remark 
applies to electricity with greater force than to many 
other branches of knowledge ; and in drawing up thW 
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fullowiog hUtorioal sketch, attention bas been paid to 
tlie extruaion of matter which has not instruction for 
its object. 

The earliest account of electricity, artificially ex- 
cited, of which we have any record, is carried as fiEur 
back as six hundred years before the birth of Christ, 
wlien Thales, the Milesian, observed that amber, after 
having been rubbed, possessed the power of attracting 
light bodies, such as feathers, &o. We have no proof 
that much notice was taken of this fact; indeed it 
would appear of too little consequence to be much 
regarded ; and it does not even seem to have been 
known that any other substance resembled amber in 
its attractive property after friction, till about three 
hundred years afterwards, when Theophratus men- 
tions that a stone, which he called the lyncurium^ and 
which is supposed to be the same with what we now 
call the tourfMLlin^ possessed the same peculiarity. 
From this period commences another chasm in the 
history of electricity, of nineteen hundred years' dura- 
tion. The commencement of the sevrateenth century 
may be considered the earliest era at which the science 
takes its date. The person who first contributed 
essentially to its promotion was Dr. William Gilbert, 
who in the year 1600, published a book, which con- 
tains a variety of electrical experiments, relative, 
however, merely to such substances as had the pro- 
perties of amber, the whole of which class of bodies 
are now called electrics. These properties as yet 
excited no general interest; tliey became not the 
exclusive object of any one's attention, but only tran- 
siently arrested the notice of those whose researches 
extended to every branch of knowledge, however 
unpromising and trivial its appearance. After the 
date of Gilbert's volume, additions continued to be 
made to the catalogue of electrics, but nothing of 
moment was observ^ further, till about seventy years 
afterwards ; when the celebrated Robert Boyle greatly 
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enlarged the namber of electrics, and discovered that 
their effects were much increased by wiping and 
warming them before they were rubbed ; and saw a 
faint specimen of tlie electric light, from some dia- 
monds which he had rubbed to give tliem the power 
of attraction. 

Otte Guericke, of Magdeburg, who was contem- 
porary with Boyle, and justly famed as the inventor 
of the air-pump was eminently successful in his 
electrical pursuits. He constructed a globe of sul* 
phur, to which he applied his hand while it was 
whirled round in a proper frame, by which means he 
had the pleasure of observing that he obtained an 
accumulation of electricity far beyond any former 
example, and which enabled him to perform a great 
variety of electrical experiments with considerable 
advantage. He diticovered electrical repulsion, and 
not only saw in a state of intensity the electric light 
of which Boyle had spen but a glimpse, but heard the 
sound with which it is accompanied. He also 
observed that a feather when repelled by an excited 
electric, always keeps the same side towards the body 
which repels it, and that, after having been repelled 
it is not again attracted till it has touched some other 
body. 

The torch of investigation into this subject, had 
now become distinctly lighted, and the number of 
discoveries increasing with considerable rapidity, kept 
curiosity alive, though with many fluctuations. Dr. 
Wall, by rubbing amber upon a woollen substance in 
the dark, produced considerable quantities of electrical 
light accompanied by a crackling noise; and he 
remarked that '^ this light and crackling seems, in 
some degree, to represent thunder and lightning/' In 
1709, appeared a treatise by Hauksbee, which pos- 
sessed great merit. He repeated and confirmed the 
experiments of Dr. Wall, and noticed the sensation 
Gommunicated to the hand by the electric spark. 



EUSCT&ICITV. 185 

He introdooed the important improvement of using a 
glass globe instead of a sulphur one, and among other 
new experiments, relates a method of rendering opaque 
bodies transparent by means of electricity. He lined 
more than half of the inside of a glass globe with 
sealing wax ; and having exhausted the globe, he put 
it in motion ; when applying his hand to excite it, he 
saw the shape of all parts of hb hand distinctly, oil 
the concave superficies of the wax within just as if 
only uncoated pure glass had been interposed between 
his eye and his hand. The lining where it was spread 
the thinnest, would but just allow the sight of a 
candle through it in the dark ; but in some places the 
wax was at least the eighth part of an inch thick ; 
yet the whole appeared equally transparent. The 
wax did not adhere to the glass in all places, but this 
seemed an immaterial circumstance. Pitch answered 
the purpose as well as sealing wax. 

Sir Isaac Newton's discoveries attracted so much 
attention that electricity was kept for a time in the 
back ground ; but soon after the decease of that great 
man, the opening that appeared for new discoveries in 
it again brought it forward. Hitherto the distinction 
between electrics, such as amber, glass, &c., which 
were excited by rubbing, and those bodies which were 
only capable of receiving electricity, appears to have 
been scarcely thought ot The distinct view of it was 
accidentally obtained by Stephen Grey, in 1729. After 
many ineffectual attemps to excite an electric power 
in metals, by heating, rubbing and hammering, he re- 
curred to a suspicion he had for some time entertained, 
that^ as a glass tube, when rubbed in the dark, com- 
municated its light to various bodies, it might possibly 
at the same time communicate to them an electricity 
or powOT of attracting light bodies. To examine into 
this matter, he provided himself with a glass tube, 
three feet five inches long, and nearly one inch and 
two-tenths in diameter. To each end was fitted 4 
L 5 
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cork, to keep the dust out when the tube was not ia 
use. His first experiments were made with a view 
to determine whetlier the tube would attract equally 
well with the ends closed by corks, as when they were 
open. In this respect there was no difference, but be 
found that the corks attracted and repelled light sub- 
stances even with rather more power than the tube 
itself. He then fixed an ivory ball upon a stick of 
fir about four inches long, and thrusting the end of the 
stick into one of the corks, he found that the ball ob- 
tained a strong power of attraction and repulsion. He 
varied the experiment, by fixing the ball npon long 
sticks, and upon pieces of brass and iron wire, and 
always obtained the same result ; also when he sus- 
pended the ball by a packthread from a balcony 
twenty-six feet high, he still found at this and all other 
heights, that by rubbing the tube, the ball acquired 
the same power as in the first experiment. 

Grey's next attempt was to ascertain whether 
electricity could be conveyed horizontally as well as 
perpendicularly. With this view he fixed a cord to 
a nail which was in one of the beams of the ceiling, 
and made a loop at that end which hung down, he in- 
serted his packthread with the ball at the end of it, 
through the loop of the cord, and retired with the 
tube to the other side of the room, but in this state he 
found that his ball had no power of attraction. A 
friend of his, to whom he related his disappointment, 
suggested that the supporting packthread, from its 
coarseness, might intercept the electric power, and pro- 
posed to substitute a thread of silk. Upon this change 
being made in the apparatus, the experiments (which 
were made by Grey and his friend conjointly,) com- 
pletely succeeded, and the ivory ball showed signs of 
electricity at the distance of 147 feet from the glass 
tube. In subsequent experiments they increased the 
conducting cord, till at length the silken thread sup- 
porting it broke. As they attributed their success. 
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since the adoption of the silken thread, entirely to the 
fineness of that material, they naturally conjectured 
that brass or iron wire would be still more ad van < 
tageous ; upon making the trial, however, they were 
completely disappointed, for they found that the ivory 
betrayed not the slightest evidence of electricity. 
They therefore again resorted to the use of silk, but 
used it thicker than before ; and by this means con- 
veyed the electric power, without any apparent dimi- 
nution to the distance of 765 feet. 

Such were the experiments which immediately led 
to the important truth, that though a great number of 
bodies had the power of conducting the electric energy, 
yet there were other bodies which entirely stopped its 
course ; and as the former were called conductors^ the 
latter were called rum-conductors. It was soon found 
that those bodies which showed signs of electricity by 
rubbing were called non-conductors, and that those 
which could not be brought to this state, were con- 
ductors. Grey continued a zealous electrician to the 
period of his death, and made many interesting dis- 
coveries. In particular, along with his friend, he dis- 
covered the method of insulating bodies which were 
electrified, by placing them upon a non-conducting 
body, and thus preventing the electricity they have 
received from immediately flying off. 

The grand discovery made by Grey and his friend 
had been announced but a short time, before another, 
scarcely less important, was made by Du Fay, who 
was intendant of the French king's gardens. It arose 
from casually observing, that though an excited glass- 
tube repelled a piece of gold leaf, yet an excited piece 
of gnm copal eagerly attracted the same material. — 
Du Fay found, upon trial, that sealing-wax, sulphur, 
resin, and a number of other substances, produced 
the same effect as gum copal. To the electricity of 
those substances which attracted the gold leaf after 
excitation he gave the name of the remioiu electricity^ 
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as they were meet of them rerins : and to the electri* 
city of gkflB he gave the name of the viireotu dectri- 
city, for he eotertained not a douht hut their natme 
was as opposite as their efiects. Among other expe- 
riroentSt he found it impossible to ezdte a tube in 
which Uie air was condensed ; and in repeating Grey's 
experiments, with a packthread, he perceiTed that 
they succeeded better by wetting the line. Hair 
being a non-conductor. Grey had insulated and eleis- 
trified a boy by suspending him with hair lines ; on 
this, Fay, in repeating this experiment o£ the effects 
of electricity on this animal body, suspended hims^ 
by silken cords ; in this situation, sparks of fire were 
drawn from him, on his b^g touched by any one^ 
and both he and the other person felt a sharp pain at 
the instant of contact, which was aecompanied by a 
snapping noise* 

When another person, by holding a rod of metal, 
touched the one that was electrifi^ the spark was 
drawn as before. From this instance of the accnmn- 
lation of electricity, and its being drawn off by metal. 
Grey inilBrred, and in fact, his former experiments in 
electrifying insulated substances^ has proved, that 
electricity might be collected in metal, as well as the 
animal body, and drawn off, during a short interval, 
as it was wanted. This suggested to him the pro- 
priety of that part of an electrical machine now 
called the prime conductor, which he formed by sus- 
pending a piece of metal near his excited glass tube, 
and was enabled to draw sparks from it. The me- 
tiiod of making the prime conductor in the form of a 
tube was first adopted in Germany, in 1742, where 
the use of the globe, invented by Hauksbee, was re- 
vived, and the conduct<Hr was at first suspended by a 
man standing upon casks of resin, but afterwards 
its was suspended by silken lines. In Germany, also, 
about the same time, a woollen rubber was used in^- 
stead 9f the hand to osteite the globe* 
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Electricity had now become a part of philosopliy, 
and it had become the duty of some to study that 
they might teach it; whilst others, who were dis- 
posed to the acquisition of knowledge, were incited 
by the desire of proving what others had asserted, or 
the higher motive of finding out something new. In 
(his conflict of exertion a discovery was made that 
may justly be considered as forming an epoch in the 
history of science, which it immediately raised to an 
extraordinary degree of estimation. This discovery 
consisted in the art of aecnmulating electricity, by 
what is now called the Leyden phial. Towards the 
close of the year 1745, Yon Kleist, dean of the Cathe- 
dral of Cammin, made an experiment, of which he 
sent the following curious account to a friend in Berlin. 
*'*' When a nail, or a pieee of thick brass wire, ifec, 
is put into a small apothecary's phial, and electrified, 
remarkable effects follow : but the phial must be very 
dry and warm. I commonly rub it over beforehand 
with a finger on which I put some pounded chalk. If 
a little mercury, or a few drops of spirits of wine are 
put into it, tlie experiments succeeds the better. As 
tioon as the phial and the nail are removed from the 
electrifying glass, or the prime conductor to which it 
hath been exposed is taken away, it throws out a pen- 
cil of flame so long, that with this burning machine 
in my hand, I have taken above sixty steps in walk- 
ing about my room. When it is electrified strongly, 
I can take it into another room, and there fire spirits 
of wine with it. If, whilst it is electrifying, 1 put 
mj finger, or a piece of gold which I h<dd in my 
hand, to the nail, I receive a shock whieh stuns my 
arms and shoulders. A tin tube, or a man placed 
upon electries, is electrified much stronger by this 
means than in the common way. When I present 
this phial and nail to a tin tube, which I have, fifteen 
feet long, nothing but experience can make a person 
l»elieve how strongly it is electrified. Two thin 
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glasses have been broken by it.'' In this exp^imeot, 
as the phial was of small dimensioDS, and as the cir- 
cumstances essential to its greatest effects, wwe not 
combined, because they were unknown, the power of 
the electricity aocumidated was inconsid^able ; but, 
soon aftwwards, the art of giving a strong shock was 
discovered in Holland, because the vessek employed 
happened to be larger. As it was known that the air, 
or the partial floating it in it, abstracted the power of 
electnfled bodies, so that even insulation was no 
remedy against their being in a short time deprived ai 
it, an idea suggested itself to Muschenbrok, and some 
of his friends, that if the electrified body were entirely 
surrounded by a non-conductor, the ^ssipation of the 
electricity would in a great measure, be prevented. 
To realise this idea, a quantity of water was put into 
a botUe, and electrified till it was thought to be fuUy 
charged ; but here the original invention of the expe- 
riment was lost sight of, by an unexpected result 
which swallowed up all their attention. Happening 
to hold the bottle in one hand, while he endeavoured 
to disengage it from the conductor with the otliar, he 
suddenly received a shock, which shook many of his 
joints, passed through his breast, and in a great de- 
gree, stunned and terrified him. In this manner was 
first discovered, what still continues to be called the 
electric shock. It excites a smile, to observe the teruis 
in which the shock is spoken of, by several of those 
who first submitted to its effects. One who tried the 
experiment with a thin bowl, wrote to his friend 
afterwards, that he felt himself struck in his arms^ 
shoulders, and breast ; that he lost his breath for a 
time, and did not feel himself well again for the space 
of two days. He adds, that he would not have taken 
a second shock for the whole kingdom of France. 
Other philosophers, however, were found, who had 
the resolution to take several shocks of great inten- 
sity ; and one of the most hardy wished that he 
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might die by tlie electric shock, in order that his 
death might furnish an article for the memoirs of the 
Parisian Academy. 

After the art of giving a shock by means of a phial 
or jar had been discovered, the art of combining 
several jars, so as to unite their powers in one dis- 
charge soon followed, and this improvement constituted 
what is now called a Battery. It was made by Dr. 
Franklin, and resulted from his reflections on the 
phenomena of the Leyden phial with a conducting 
substance which communicated by a wire with the 
person who discharged it, the strength of the shock 
was exceedingly increased ; and that unless some con- 
ducting substance was in contact with the outside of 
the jar, no charge could be given. Dr. Franklin, in 
accounting for this circumstance, suggested the idea 
that a charged phial or jar contained no more electri- 
city than before ; but that as much was taken from 
one side as the other had above its natural portion, 
and that to discharge it, nothing more was necessary 
than to make a communication between the two sides, 
and the equilibrium being by this means restored, no 
signs of electricity remained. He also demonstntted 
by experiments, that the electricity did not reside in 
the coating, as had been supposed, but in, or upon the 
glass itselfl After a phial was charged he removed 
the coating, and found that upon applying a new coat- 
ing, the shock might be recmved. When to any body 
(» surface, was attributed the property, according to 
this theory, of having more than its usual portion of 
electricity, the Doctor proposed to distinguish its state 
by the term plus or poskiffe ; when the body or surface 
had less than its usual share of electricity, its state 
was distinguished by the term nwnva or negative. 
These terms answered the same purpose and expressed 
the same things as those of vitreous and resinous, but 
they were supposed to be so much more appropriate, 
that their admission into the language of the science 
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soon became complete. It may only therefore be ne- 
cessary to remark here that bodies electrified plus or 
positively, are those possessed of vitreous electricity ;. 
while those electrified minus or negatively, are pos- 
sessed of what was termed the resinous electricity. 
The former seek every opportunity of imparting, and 
the other of receiving electricity. This consideration 
of the subject induced the supposition, that if the in- 
sides of several jars were connected by means of a 
conducting substance, and their outsides connected 
with each other in like manner, they would receive 
and impart a charge like a single jar, with ti)e differ- 
ence only of power, which would be increased in pro- 
portion to their number and size ; and thus a battery 
of any force could be obtained. By a battery it was 
found that small animals might be instantly killed, as 
if struck by lightning, and these convincing examples 
of its power induced philosophers, where life was con- 
cerned, to be more cautious in the use of it tluin they 
had been with the jar ; but experiments of other kinds 
were prodigiously multiplied. It was proved that the 
electric matter might be conveyed to distances much 
exceeding what had yet been conjectured; Dr. Watson, 
Bishop of Llandaff conveyed it four miles, a distance 
which it traversed instantaneously. In another ex- 
periment made by the Doctor the electric matter was 
conveyed by a wire through the river Thames, and 
spirits were kindled by it after it bad run this watery 
circuit. In other experiments it was conveyed nine 
miles, and a shock has been sent through 1800 men 
with a force inconceivably rapid. 

The field for electrical experiments had now become 
very extensive, but there still wanted data that might 
lead to some knowledge of the nature of the principle 
thus brought into action, and of the various circum- 
stances that were essential to its production. Dr. 
Watson, however, made sonra experiments which 
tended to these points. Having rubbed a glass tube 
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I while he was insulated, hy standing on a cake of wax, 

in order to be electrified, he found that no snapping 

{ could be drawn from him hy another person who 

t touched any part of his body; but if a person not 

! electrified held his hand near the tube while it was 

> rubbed, the snapping was very sensible. He also 

I observed that if an electrical machine, and the person 

who turned it, were suspended by silk, no fire was 

produced ; but if he touched the floor with one foot, 

the fire appeared upon the conductor. From these 

and other experiments of a similar nature he inferred, 

that glass tubes and globes only afiford the means of' 

obtaining the electrical energy, which does not reside 

in them, but is derived by them from some external 

source. 

Dr. Franklin's explanation of the phenomena of the 
Leyden jar, and positive and negative electricity, was 
given in the course of a correspondence with Mr. 
Collinson, in England, to whom he also communicated 
a curious and important observation on the power of 
points in drawing and throwing off the electric matter. 
The first intimation of the latter particular be derived 
from one Thomas Hopkinson, who electrified an iron 
ball of three or four inches in diameter, with a needle 
fastened to it, expecting to draw a stronger spark 
from the point of it ; but this expectation was entirely 
frustrated. 

The attention of those inclined to philosophical 
pursuits in Philadelphia, had been directed towards 
electricity by the care of Mr. Collinson, who in 1745, 
had sent to the Library company in that city, an 
account of the extraordinary experiments then per- 
forming in Europe, together with a tube, and direc- 
tions for its use. But Franklin's eagerness in the 
research, and his success in making discoveries, ex- 
ceeded that of all his friends. In 1749, he suggested 
an explanation of the phenomena of thunder-gusts, 
and of the Aurora Borealis, on electrical principles ; 

M 



194 PANORAMA OF BCIBNCB. 

be pointed oat many particulara in which the light* 
ning and electricity agreed ; and in adyerting to the 
power of pointed rods in drawing off lightning, ha 
supposed that pointed rods of iron fixed in the aif 
when the atmosphere was loaded with lightnings 
might, without noise or danger, draw from it tb« 
matter of the thnnder-bolt into the body of the earth* 
He says, '^ The electric fluid is abstracted by poutla. 
We do not know whether this jMroperty be in light-* 
ning ; bat since they agree in all the particulars ia 
which we can already compare them, it ia not impro- 
bable that they agree likewise in this : let the expe- 
riment be made. The earliest observation, it will 
be recollected, on the similarity of electricity ai|d 
lightning, was made by Dr. Wall. On the supposi- 
tion of the identity of lightning and electricity, 
Franklin immediately saw and pointed out, that 
houses and ships might be secured from lightning by 
pointed iron rods, which should rise some feet above 
the most elevated part of -them, ani descend some 
feet into the ground. But while he postponed the 
completion of his views, on account of the want of a 
proper building in Philadelphia for his purpose, they 
were realized in France, by the fdlowing means, and 
produced incredible surprise. 

Franklin having communicated regular acoounts of 
his proceedings and theories to his friend CoUinsoq, 
who published them for the information of the world, 
they were soon extensively circulated, and translated 
into different languages. In France the principles of 
Franklin, and several of the experiments by which 
they were supported, soon became familiar to some of 
the principal philosophers, and several of them, among 
whom were D'Alibard, and De Lor, determined sepa- 
rately to undertake the experiment. Franklin had 
proposed for bringing lightning from the clouds. D'Ali- 
bard prepared his apparatus at Mary-la-ville, abo^t 
five or six leagues from Paris : it consisted of an iron 
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rod forty feet long, the lower extremity of which was 
brought into a sentry-box, wh^:^ the rain could not 
come ; while on the outside it was fastened to three 
wooden posts by long silken strings defended from the 
rain. In his absence he entrusted the care of the 
machine to a joiner of the name of Coissier, a man of 
sence and courage, whom he furnished with directions 
how to proceed in case of a thunder-storm. On the 
10th of May, 1732, Coissier heard a clap of thunder 
between two and three in the afternoon. He ran to 
the apparatus, for D'Alibard was then absent, and 
drew sparks from the rod, in the presence of several 
witnesses. Eight days afterwards, De Lor ]»royed 
equally successful with his apparatus. 

While the laurels with which posterity should 
crown the memory of Franklin were thus springing 
up in Europe, where his character now became em- 
blazoned with a general admiration of which he was 
ignorant, he had himself devised means of easy access 
to the elevated regions of the air. He concluded 
that a pointed rod of a moderate height would not 
answer, and therefore did not try one ; but it occurred 
to him that a common kite, such as children amuse 
themselves with, would reach any height he wished. 
He accordingly prepared one of silk, that it might 
not be injured by rain, the straight piece of wood up 
the middle of it was pointed with iron, and at the 
first approaching thunder-storm, he went to a con- 
venient situation for raising it. He was assisted by 
his son to whom alone he communicated his intentions, 
possibly with a view to avoid the appearance of pre* 
mature boasting if he should be unsuccessful. The 
string of the kite was of hemp as usual, except at 
the lower end, which was ci silk. Where the hemp 
terminated was fastened a key. After the kite had 
been raised, a thnnder*cloud passed over it ; but no 
electricity appeared. Disappointment appeared to be 
impending ; when suddenly tome loose fibvea of the 
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striog appeared to stand erect and to avoid one 
another, as if they had been suspended by the con- 
ductor of a common electrical machine ; he presented 
his knuckle to the key, a strong spark ensued, and as 
soon as the string became wet, the supply of electricity 
became copious. He afterwards prepared an insulated 
iron rod, to draw the lightning into his house, and by 
means of real lightning, he performed all experiments 
usually executed by means of electrical machines. 
This memorable experiment was tried in June 1 752 : 
the French philosophers had therefore the precedence 
in point of time ; but they only trod in the path 
which Franklin had explicitly pointed out. 

^hen the method of giving the electric shock had 
just been discovered, such was the influence of the 
feelings it inspired, that many of those who received it 
appeared to think no terms too extravagant to convey 
an idea of the violent effects of a charge which may 
be borne by a child ; but now the time for real terror 
had arrived ; and many who incautiously adventured 
to bring down the ethereal fire, suffered much by 
violent shocks, while they incurred the most eminent 
hazard. In one instance a fatal catastrophe ensued, and 
we shall record it for the sake of strongly impressing 
upon the young electrician the necessity of caution. 
On the 6th of August, 1753, Professor Richman, of 
Petersburg, was making experiments on lightning 
drawn into his own room. He had provided himself 
with an instrument for measuring the quantity of 
electricity communicated to his apparatus, and as he 
stood with his head inclined to it, Solokow, an engraver, 
who was near him, observed a globe of blue fire, as 
large as his fist, jump from the instrument, which was 
about a foot distant, towards his head. The professor 
was instantly dead, and Solokow was also much hurt. 
The latter could give no particular account of the way 
in which he was effected ; for, at the time the pro- 
fessor was struck, he stated, that there arose a kind 
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could w "•"'^ ''°'"' *° tl^e gronnd, so that he 

thulder whTh T'"^^ .*» hare heard'tbe clap of 
^M attenJoW ^r' ^^'7 '°"<^- The globe of fire 

broken Sf for measuring the electricity wa^ 
^m ILn?' !?** t*"* f^g-^ents thrown about the 
Kber t^° § "^^'^ *^«*'*« «f the lightning in the 
SSh aS^ f^'T"^ ""^ ^'""'•J *« he half split 
ro^ A 1: ^ '^"*" *°™ '»^' "">*» thrown into the 
t^^' bnt InXi'^'^ ,T"^ ™ *h« professor's body 
WTmaL i "**'^ ^**",'''"«'' 5 after which attempts 
nvZ ta™f„„ *r*T/ "^^ hy friction, but in vafn ; 
S mS *'i\,''°^^ '^th the fiice downwards. L 
n^Zl ^A °^ "°°^ "" ""t at the mouth. There 
?o^?rJt.r r^u, "°.*h« f^^head, from which came 
Wkint fh "i-^^^l^hrongh the pores, without 
foTwrf K Z'"'"' ^he shoe belon^ng to the left 
tS^T^ "*?""'.'"'* O" uncovenV the foot. »» 
inferiJ^ ?.. 7!u ^""^ .' hl«e mark ; whence it Was 
wT!; that the electric matter, having entered at the 
fiead, made its way out again at that foot. Upon the 
nody, particularly on the left side, were several red 
and blue spots, resembling leather shrunk by heat ; 
OTd many more became yisible over the whole body, 
particularly over the back. That upon the forehead 
cnanged to a brownish red ; but the hair of the bead 
was not singed. In the place where the shoe -was 
unnpped, the stocking -was entire ; the coat also -waa 
wnolly uninjured, and the waistcoat was only injured 
on the fore-flap where it joined the hinder. On the 
oact of Stolokow's coat appeared long narrow streams, 
as If red hot wires had burned off the nap. In 
lorty eight hours the professor's body was so mucVi 
SSt ' *''*' *^* removal of it was exceedingly 

But it has been left to our own times to efEect tbe 
most important discovery of the utiUty of eleotirVoity 
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-^tbe eleetrio telegraph : by which an inataBiaiieaas 
ootDmanicatioa is esUbliBhed between every town and 
Tillage of any conBaqnenee thfooghoat the United 
Kingdom. This iDYentioo was finished in 1848 ; it 
is condttoted by means of five wires of zinc and copper 
laid in tubes under ground^ and connected witii 
metallic plates at the Tarions stations of each toivn. 
By this discovery, intelligence is immediately con- 
▼eyed thronehout the length and breath of the land. 
For ezampk, when her majesty Queen Yictoria 
opened her parliament in 1848, the printers in yarious 
parts of the kingdom, hnndreds of miles distant from 
London, were actually employed in putting her 
speech in type while she was speakine. The speeeh 
was telegraphed as it was deliTered, six et eight 
words at a time ; and the inhabitants of the remotest 
districts were gratified in having it in their power to 
peruse the speech from the throne, almost as soon as 
the denizens of London themseWes; and now, by 
means of the submarine telegraph between Dover and 
Calais, intelligence is received from and forwarded to 
tiie G<»itinent with equal rapidity. 

We had scarcely ceased to wonder at the adiieve- 
ments of the electric telegraph,— ^onyeying intel- 
ligence between places, hundreds of miles apart in 
the twinkling of an eyelid, when we were called upon 
for wonderment at a still more extraordinary inven- 
tion—it is that of the ''Electric L^kt" Seyeral 
trials of this light have been made ; and it is averied 
that it will supersede the use of all other artificial 
lights ; that by its intense brilliancy darkness will be 
dispelled; that in point of safety, , cheapness, and 
efficiency, it will far surpass all other inventions for 
illuminating; that there is no smoke, no vapour; 
that it can be lighted up and extinguished by the 
touch of a child : that it is inexhaustible, and may 
yet be put out in a moment. It is expected to be 
seen careering as a pillar of fire on the railways^ and 
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4Bpfeading its rays across the turbulent waves from 
tiie distant steamer. It will be from the lighthouses 
a gem bound on the dusky brow of night. Such are 
the fond expectations. Patents have been secured, 
and companies are in course of organization for dis- 
penaiBg the blessings of this wond^ful invention. 

REMARKS ON ELECTRICITY. 

JSlectrical Clock. — This machine, which is exhibited 
in Geneva, is especially remarkable on account of its 
extreme simplicity, is composed only of a pendulum, 
a large wheel, two escapements, and a quadrature. 
Such are the visible parts ; we must, however, sup- 
pose that a pinion and a wheel make the communica- 
tion between the great wheel and the quadrature. 
The^pendulum at each vibration, causes one of the 
escapements to advance the great wheel one tooth, 
which, after this movement has a pause making the 
dead round. As there is no metallic moving power 
to set the machine a-coing, we find, on examining, 
what keeps up the motion, that the pendulum, which 
is almost out of proportion with the clock, descends 
into a ease ; and there, at each vibration, the ball or 
bulb, which is furnished with a conductor, approaches 
attemately two poles, to which voltaic piles supply 
their portion of electricity. &o that the pendulum, 
when once put in motion, retaitis it by means of the 
electricity alternately drawn from the two poles. 
This machine, which is equally simple and ingenious, 
is worthy of the attention c^ the artist. Perhaps 
other interesting results may be obtained by employ- 
ing the electric fluid as a moving power, however 
slight the force such an agent may seem eapable of 
communicating. 

In drawing up the preceding sketch, we omitted 
to mention uiat although the chief technical terms 
belonging to the subject have been in a good measure 
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explained, but to render the reference to them more 
easy, we shall here explain them more fully. 

All bodies admit electricity to pass through thenn, 
such as gold, silver, copper, platina, brass, iron, quick- 
silver, lead, dbc, are called conductors of electricity ,• tho 
same bodies are often called non- electrics. 

All bodies which are impermeable to electricity, 
such as glass and vitrifications, precious stones, amber, 
jet, sulphur, wax, silk, cotton, resinous substances, 
Ac, are called non conductors of electricity ; they are 
also called electrics with almost equal frequency. 

We have already observed that electricity is found 
to be of two kinds, which are generally distinguished 
by the appellations of positive and negative. In what 
the difference of these electricities consist has been 
much contested ; but we coincide with Dr. Franklin, 
who argues that when bodies are electrified positively, 
their electricity is redundant or greater than their 
natural quantity ; when they are electrified negatively, 
he supposes that part of their natural quantity of elec- 
tricity is abstracted. 

The cause of electricity is supposed to be a fluid, 
which is therefore called the electric fluid. 

Any electric body, the surfaces of which possess the 
two different electricities, is said to be charged, 

ELECTRICAL AFPABATUS. 

We will now notice shortly, the principal machines 
by which electricity may be accumulated and acco- 
modated to the purpose of experiment, and then pro- 
ceed to the consideration of the theory of electricity. 

The simplest kinds of electrical apparatus, snoh as 
glass tubes, rolls of sealing wax, cakes of resin, &c., 
require no separate description, as they will be suffi- 
ciently understood by their names. 

The cylinder machine, which is most commonly 
used, is better known by the name of the Electrical 
Machir.e. The cylinder, conductor, rubber, and pillars 
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should, when it is in use, be perfectly dry, and ^ 
ensure this they should be rather warm than otho^c^ 
wise. The machine is supposed to be in order, an<X 
communication made between the rubber and -tVk 
ground, bj means of a chain or piece of wire attaelx^^ 
to it ; on turning the cylinder, the electric fluid ^ 
the form of sparks, accompanied by a snapping noi 
may be drawn from the prime conductor, by pres^ 
ing to it the knuckle or any blunt uninsulated C5c_ 
ductor. If any pointed body, such as a needl^^ '^'^ 
presented to the conductor while the cylinder is ^^Ur*^^^^ 
a star or globule of light will be seen at the pc^^^ 
but no noise will be heard. *^t 

The PlcOe Machine, — When glass was first Ub^^ 
the electric of a machine, the form of a glob^ ^L^ ^ 
adopted ; but afterwards the cylinder, as above vr^^^^ 
tioned, was found more convenient and ecouor^^^ ^^ 
Dr. Ingenhouz, however, introduced the use o^ ^'^^^ 
cylinder plate, turning on a horizontal axis ^^^^^^ ^j 
manner of a wheel, and the machine thus cou^^^ -tl 

has many good properties ; it is simple, elegau-t ^^ti< 
pact, and powerful. The most powerful el^^^x 
machine ever made was of this description, ^^:^^^^ 
museum at Haarlem. ^ • j ^ 

The Electric ^«r.— Electricity, derived €ir^,^^ 
conductor of a machine, is accumulated, and ^^^^ ^ ; 
preserved by means of electrics coated witU ^_ ^ ti 
ing substances. Glass is the electric most xi 
ployed, and the form generally selected v 
jar. " Leyden pYiiaV is synommous wi\; 
jar." In selecting jars for electrical P^il[^t^^^^^^ 
should be taten to have the glass eqxia\\^ ^^. 
every part. WUen a jar is defective it^ t.\v<^ ^^^ 
it w^ill break in tHe thinnest part, if steoT^^^ ?f^ 

The -Electric Battery is formed \>y ^ ^^^.^qc^^^ 
number of jars, in a wooden ^ox ^^ J^ ^v:«.^ ^^^ 
the number of jars ^^'^^^^f^'^'^l^^ ^\S^^^ 
aa the jars are higb, divided into compaoc^,^ 
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of which will reoeive only ooe jar. A powerful bat- 
tery may be formed of wine bottles ; bat they moat 
be ooated and fttmished with a wire in the same 
manner as ordinary jars* 

Electricity may be obtained in a great number of 
ways as well as by firiction, insomuch that we have 
reason to consider this power as a uniyersal agent of 
nature. 1. It is produced by the heating or cooling 
of a variety of substances. 2. By the eyaporationt 
and condensation of vapour. 8. By the natural 
changes in the atmosphere. 4. By the will of certain 
animals. 5. By the action of certain bodies on eaoh 
other when in contact. 

The JSIitetrieity ewlved by heaUng and cooHng has 
been sometimes called spontaneous electricity. If 
sulphur be melted in an earthen vessel, and then left 
to cool in the same vessel upon conductors, it will, 
upon being taken out after it is cold, be found strongly 
electrical ; but if left to cool upon dectrics, no such 
effect ensues. If sulphur be melted in a glass vessel^ 
and left to cool, both the glass and the sulphur acquire 
a strong electricity; but Uie electricity is stronger 
when they are cooled upon electrics than when cooled 
upon conductors; and if the glass vessel be coated 
with metal, the electricity required is strongest of all. 

The Electricity evolved in evapcration and eondenM^ 
tion of w^90ur, — Yolta discovered that bodies from 
which water had evaporated showed signs of negative 
electricity, by which it appears that water, in the 
state of vapour, retains a larger portion of the electric 
fluid than in the state of wat^. Exceptions have^ 
however, be^ taken to this rule: 1. If water be 
evaporated by contact with a red hot piece of rusty 
iron, it will leave the iron electrified positively ; but 
the iron will be negatively electrified if not rusty. 2. 
If water be evaporated by throwing into it impure 
red hot glass, (such as the glass of bottles,) the vessel, 
or the remaining water wiU be electrified positivdly. 
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Atmospheric JSieeiricity. — Sinoe Franklin and hia 
contemporaries first drew lightning from the clouds, 
and exhibited with it the whole series of electrical 
phenomena, no experiment has ever been deyised, 
which could throw a shadow of doubt on the identity 
of lightning and electricity. Accordingly, lightning 
is only to be considered as a name for a vast accumu- 
lation of electricity; or electricity as a name for 
small quantities of lightning. When we consider the 
sharpness of a spark supplied by a few inches of 
glass, we cannot hesitate to allow that the effect of 
the spark drawn from a thousand acres of cloud must 
be Tiolent in the extreme. 

The atmosphere almost at all times affords signs of 
electricity, and it may be proper to advert here to the 
means commonly used to discover it. Cavallo's elec- 
trometer is a very useful instrument for this purpose. 
By holding it up a few feet above the ground the 
pith-balls will gradually diverge, and the kind of 
electricity may oe ascertained by touching it with 
any exited electric, observing that the electricity of 
the instrument in this case, is the contrary of that of 
the atmosphere. 

Instruments have been invented, called multipliers 
and doublers of electricity, intended to be used where 
extreme delicacy of examination is proposed ; but the 
action of these is rather a dubious nature, and we 
shall pass on to a short notice of 

The Electric KiiCy which, as we have already ob- 
served, differs in no respect from those used among 
children, except that the paper is covered with drjring 
linseed oil, to prevent its being destroyed by the rain, 
and a slender wire is interwoven with the string to 
render it a better conductor. It is, however, doubt- 
less known to every one, that there is a considerable 
difference among children's kites in their flying pro- 
perties; some of them, under every favourable cir- 
cumstance of wind and size, can scarcely be raised or 
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kept aloft by any exertion, so that the pertinacity of 

infantine peraeTerance, in affairs of sport, is almost 

exhausted in attending to them. We shall therefore 

give the proportions that will certainly answer well, 

and as these may be observed with so mach facility, 

we presume it will not be required that we should 

devote a sentence to the consideration of how mueh 

they may be deviated from without hazarding the 

convenience of raising the machine. The straighter 

and the bow, should, when the latter is open« be of 

the same length, reckoning the length of the straighter 

from the place where it is notched to the bow. By 

this means when the bow is in its place, the cord 

which connects its extremities, passes over the straighter 

at the distance of one-third of its length of the latter 

from its end ; and the tapering of the kite therefore 

commences at two-thirds of its length from its pointed 

extremity. The cord to which the cord for raising 

the kite is attached, is fastened by both ends to the 

straighter, and at one-sixth of the whole length of the 

kite firom the extremity. The length of the cord may 

be equal to that of the straighter. The cord, the 

length of which regulates the distance of the flight of 

the kite, must be attached to such part of the cord 

fastened to the straighter, that the kite if suspended 

by it, without a tail, shall remain horizontal, that is, 

it shall be just opposite the centre of gravity of the 

kite ; and if the weight of paper on each side of the 

straighter is not equal, it should be made so by putting 

on additional pieces. The tail of the kite should be 

at least seven times the length of the straighter, and 

it should be loaded in about twenty different places 

with some such material as rolls of paper, and a ball 

or heavy roll of the same kind at the extremity. 

The proper weight of the tail is easily ascertained by 

a few trial*). The straighter should be made of fir, 

and the bow cannot be made of anything better than 

a light hoop. A kite thus constructed will be easily 
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raised with a moderate wind to a great height. A 
kite four feet high is very convenient for electrical 
purposes. 

In an electrical point of view the whole power of 
the kite consists iu the string ; it is, therefore, of little 
use to coat the straighter with tinfoil, or tip it with 
iron as some have proposed ; but it is important to 
make the string a good conductor. For this purpose 
the simplest mode is to wet it ; but it is better still, 
to use with two threads of common hemp one of the 
copper threads used for trimmings. 

The highest idea which the ancients could form of 
Omnipotence comprised the exclusive ability of direct* 
ing the thunderbolt ; the power of which they consi- 
dered to be absolutely irresistible, and the command 
of it immeasurably removed from human control. If 
then weak man venture to interfere with this aatoDish- 
ing agent of Nature, let him remember its tremendous 
power, and not, for a moment, forego the precautions 
that ensure his safety. In serene weather there never 
is any danger in raising the kite ; but it is always 
unsafe to raise it during a thunder-storm, or while 
black clouds are hanging overhead ; for the quantity 
of electricity brought down will often be very great, 
although there may be no thunder. When the elec- 
tricity during a storm is intended to be observed, the 
kite should be raised while the air is yet tolerably 
clear ; at the lower end of the conducting line should 
be attached three or four yards of silk cord covered 
with wax, that it may not, by getting damp, readily 
become a conductor. From the termination of some 
other part of the conducting line, a chain of sufficient 
length to reach the earth should be fastened, or instead 
of it, when jars are to be charged, and other experi- 
ments are to be made, a slender wire may reach from 
the conducting line to an insulated prime conductor. 
This conductor should be furnished with a quadrant 
electrometer, that the strength of the electricity may 
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te detetinined by inspeetion. Tbe wife oonnncting 
the string of the kite uid the priBue oondnelor ehovld 
not be efaretched, to prevent the motions of the string' 
or the oondneting line from throwing down the con- 
ductor. In milling experiments with an insolated 
string* especially when a storm is apprehended, or 
aetnally present, it wonld be proper to have a rod of 
iron or some other good conductor in direct communi* 
cation with the earth, and within an inch or two of 
the string, so that notice would be given of the descent 
of any unusual quantity of electricity by the snapping 
between the conductor and the string, and the operator 
would hare time to provide for his safety. 

After ezperimento with the electrical kite had 
proved that lightning could be drawn from the douds, 
it ceased to be a doubtful question whether buildings 
might not be saved from destruction by lightning, if 
they were furnished with proper conductors. But a 
controversy arose as to the best form of them. It 
was maintained by one party that they should have 
blunt terminations ; by another that they should be 
pointed. A number of experiments, made under the 
inspection of the Royal Society, decided the question 
in £ivour of pointed conductcnrs, and no others are now 
in use. 

An elective conductor should rise eight or ten feet 
above the highest part of the edifice it is intended to 
secure, and should terminate in several short branches, 
each of which must be pointed, in order that if one or 
more be melted by the lightning, the rest may perform 
the office assigned them. The conductor should not 
be smaller than half or three-quarters of an inch in 
diameter, and as its effects would be injured by rust, 
the upper part of it should be copper. It should not 
descend very close to the side of the building, and 
care should be taken to direct it from the house towards 
the foundation, and terminate, if possible in moist earth 
or water under ground. 
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PenomJ secnrifcy, daring a tbundei^Btonii fiiniis 
another object of important oonaideration, FenooB 
apprehensive of lightning ahould at in the middle of 
a room, not under a metal lostre or any other con- 
ductor, and place their feet on another chair. A pre- 
oaution of this kind is the easiest that can be obseryed, 
and ensures a high degree of safety. But the place of 
most perfect safety is the cellar, and especially the 
middle of it ; for when a person is lower than the 
snrfiice of the earth, the lightning must strike it before 
it can reach him. It is, thnefore most probable that 
it will become immediately diffused and not eater the 
cellar, especially if it be not damp. 

The best situation for a person who happens to be in 
the fields dnring a thunder -stwm, is, not immediately 
under a tree, but within a short distance of it, as the 
lightning generally strikes first the highest and best 
conductors. 

Animal MeeiricUy* There are three specdes oi fish 
which possess the power of giving an electrical shock ; 
viz., the tarpedOj the g^fmnoius eUetricm^ and the Murui 
tleetricua. 

The Torpedo has been known from the most ancient 
times, but the wonderful accounts of its power were till 
recently regarded as fabulous by those who had not 
witnessed them. The torpedo is a flat fish, of the rav 
tribe, very seldom ezceediuff twenty inches in length 
and twenty pounds in weight It inhabits the Medi- 
tenanean and the North Seas. If the torpedo either 
in the water or out of it, be touched with one hand, 
it genmlly communicates a slight shock to the hand ; 
but the sensation is felt in the fineers of that hand 
only. If the torpedo be touched with both hands at 
the same time, one bang applied to its under, and the 
ether to its upper tur&ce, a shock will in that case be 
MottTed, which is exactly like that given by the Leydea 
phiaL The ammal ia suppoMd to atupify ito prey hy 
this singular Canity. 
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The G^mnotm ElectrieWy or the electrical eel, is 
generally of the length of three or four feet, of an 
unpleasant appearance, and much like a large eel, bat 
thicker in proportion to its length, and always of a 
blackish brown colour. It is found in the hot climates 
of Africa and America. This animal has the power of 
giving an electric shock to any person, or to any number 
of persons who join hands together, the extreme person 
on each side touching the fish. 

Of the third fish capable of giving the shock, but 
few particulars are known. It is called the SUuroB 
£/leetrieu8y and is found in the rivers of Africa. It is 
sometimes found to exceed twenty inches in length. 
The body of this fish is oblong, smooth, and without 
scales ; the electric organ seems to be towards the 
tail, where the skin is thicker than on the rest of the 
body. It is merely said in general that it has the 
power of bennmbing like the torpedo, but we have 
seen no details of experiments made with it. 

Electrical Oohemn. — ^The force with which electri* 
fied bodies remain in contact, has, instead of attraction, 
been called electrical cohesion. An amusing ;instance 
of this is seen in Symmers experiments on silk stock- 
ings. He bad been accustomed to wear two silk 
stockings on the same leg, one of them white, the 
other black. When these stockings were drawn off 
together, nothing remarkable appeared ; but if, while 
they were both on, he rubbed his hands several times 
over them, and then drew off the outer or black one by 
itself, he heard a crackling noise, and in the dark per* 
ceived sparks of fire between them. When the stock- 
ings were separated, and held at a distance from each 
other, both of them appeared to be highly excited ; 
the white stocking positively, and the black stocking 
negatively. While they were kept at a distance from 
each other both of them appeared inflated to such a 
degree that they exhibited the entire shape of the leg. 
Two black or two white repelled each other with con- 



" T ' 



ELECTRICIT7. 209 

Biderable force,- but a white and a black one, would, 
if pennitted, rush together with surprising violence ; 
their inflation subsiding at the same time, and entirely 
ceasing when they were in contact. On separating 
their electricity was renewed. At first Symmer found 
that it required a force of from one to twelve ounces 
to separate them ; and at another time they required 
seven ounces to separate them, which was twenty 
times the weight of the body that supported it. Elec- 
trical effects will be obtained by rubbing with the 
hand any small pieces of black and white silk in like 
manner. 

Medical Electricity. — In the infancy of electricity, 
accounts were multiplied of cures next to miraculous, 
performed by means of this newly-acquired power ; 
but upon closer investigation it appeared that most of 
these either had no existence, or were exaggerated by 
weak or interested men, and that mischief rather than 
benefit had been produced. The error of the early 
electricians consisted in giving strong shocks, which 
experience has shown to be nearly in all cases improper. 
*' One thing, however," says Cavallo, ^^ appears to be a 
little remarkable in favour of electricity as a medicine, 
that though it has often fallen into the hands of very 
unskilful and injudicious persons, who have applied it 
at random in all cases, without being capable of dis- 
tinguishing either the nature of the disorder, or the 
degree in which it has been administered, yet it has 
sddom been known to be attended with any bad 
effects ; the patient generally has been relieved, and 
very frequently cured,, but the ill consequences have 
even been more rare than those of inoculation. Elec- 
tricity differs from other medical applications in this, 
that it acquires not so much a thorough knowledge of 
the distemper, as a peculiar nicety in conducting the 
operation. For, however paradoxical this may ap- 
pear, it is certain that the electric shock is by no 
means prejudicial to persons in health, and therefore 
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to eleoirify a tonad part of the bodjr aloDS with a di»- 
eaaed one can do no hano. The di^iee c» eleotnaatien 
moat be legnlated rather bj the patient's feeHngethan 
by the epeoiee of diaeaiey and therefore nosology is 
not an indispeneaUy necessary branch of scienoe to 
the medical electrician. There can be no donbty homr^ 
ever, that medical electridty will have erery chance 
of being beet applied, as well as improved, by skilfal 
physicians and surgeons, whose knowledge of aoi^ 
tomy, as well as nosology, will enable thmn to direct 
the electrical fluid to the most proper part of ihm 
body, and to pass it through the most minute yesBeLs, 
according to the nature of the disease, and the part of 
the body affiscted." 

Insensible perspiration is one of the most importsot 
functions of the animal frame ; and as it is promoted 
by electricity, it may fairly be inferred that electricity 
promises to render signal serrioes in cases which wiU 
yield to no other power. The power of electricity 
over the blood, also, is evidenced by the &ct of its 
increaring the force of its circulation. Thus, on insu- 
lating and dectrifying persons who have been bled in 
the arm, the blood has sprung up to a greater dis- 
tance than before. The same treatment will cause a 
fresh wound to bleed anew. 

The medical implication of electricity requires but 
few instruments in addition to the common electrifying 
machine. An electric jar, united with Lane's electro- 
meter; an insulating stool of such a size that an ordi* 
nary chair may be set for the patient to sit in, and a 
pair of simple instruments called directors, are all 
that is necessary. 

In the medical application of electricity, it is of im*- 
portance to begin gently, and to persevere f<» some 
^une. At first the electric fluid should be drawn by 
by a metallic point, the person being insulated and 
connected with the prime conductor, and the metallic 
point communicating with the earth. If after some 
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d»yrf trial no mUtement of the disorder enanes, and 
electrification hu not the fa-roura.'ble effect ev *" 
imparting m Bj^reeable warmth, the electric fluid ^5^ 
bo drawn by nieaiiB of a wooden point ; next ♦ ^ ' 
'wooden point wre sparks, and after these low sf. ** 
The eleotrifioation, whether in using the direct^*^' 
otherwise, may be made throa^h the clothes, ij***" 
they be very thiok. In adminiBtering small sK**^* 
through thick clothing, it will be jwoper to poa^'^^^ 
tallio points through the clothes, so as to be in ab_ ^% 
with the skin. ^^*t.. 

In diss*4eM of na iofUmTnatory nature, elsot*^ 
as it is a stimalMit, should not be resorted t& T^'^i.i 
at the commencement of those of a slight aari ^X< 
nature, as of a catarrh, inflammation of the ev-b— ^K^a 
swellings, where Buppnration has not actnalj'y. » ^, 
menoed. la chronic rhenmatiam, and obroni ^^^ 
plaints in general, eleotrioity may always be ^ »>^^' 
with safety, and even if it shonld Dot e^ot a ^1:^1 * 
seldom fails to afford reUof. The toothache, \^/**^* 
rhenmatio origin, and attended ^vith eoriat ^^^ 

&ils to yield to this appUcatioa. Dr. Bamq^j^ ^I?xS 
of New Bedford, in America, sucoesafuUy ^^^*^ 
electricity in two instances ©f locked jaw, aft^ ^t^fc^*^ 
ing, cathartica, antdsmodioe, the warm h**^ ^i ^*' 
^um appUed internaUy and extemslly Hm"** ^^« 
ftiled. In one oaae the complaint was entirely^ 't*kt **■" 
by throe abocke ; in the other, by an oocasi^ **t^*al] 
for a few days. ^^ &V^« 

There is one mathod of applying ele^^^ "^Oc 

TBlne of which has not aa yet been fnUy asc^'^^tv 
is that of electrifying a hatb, whether of ^r^J^Vti^rt *•" 
water. This may be acoompluhed by Ut^_**t^ ,^ : ' 
with non-oondaoting lubsUncos. ^**% ^^ col 
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GALVANISM. 

Thb electricity evolved by the mere contact of cod- 
dacting substances is called galvanitmj a name giveu 
to this branch of science in compliment to Gralvani, a. 
celebrated physiologist of Italy, whose investigations 
first directed the attention of the public to the pheno- 
mena it comprehends. 

While Professor Galvani was employed in dissect- 
ing some small animals, his wife observed that a dead 
frog, lying near the prime conductor of a common 
electrical machine, was much agitated when one of 
his assistants happened to bring the point of a scalpel 
near its crural nerves ; Galvani, on being apprised of 
the circumstance, endeavoured to obtain a repetition 
of the efiect, and found that the convulsions of the 
animal could be produced at pleasure, by drawing a 
spark from the prime conductor, at the time the scal- 
pel was in contact with the nerve. 

The novelty of the fact which he had thus been led 
to observe, stimulated him to pursue with ardour the. 
track which had been op^ied to his view. His 
experiments were accordingly numerous, and he 
developed many interesting facts, which he communi- 
cated to the public in a work published in 1791. He 
found that a prepared frog, that is, the hind legs of a 
frog, with its crural nerves laid bare, constituted an 
electrometer of exquisite delicacy, being agitated by 
degrees of electricity far too minute to affect the best 
inorganic electrometer. An entire frog did not evince 
the same susceptibility, because its course was more 
extended. Electricity drawn from the atmosphere in 
the ordinary manner by means of a kite, produced the 
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same effects on animals, according to its intensity, as 
that of the machine. 

Accident soon assisted Galvani in his researches : 
having suspended some frogs from the iron palisades 
which surrounded his garden, by means of metallic 
hooks fixed in the spines of their backs, he observed 
that their muscles contracted frequently and involun- 
tarily, as in the case above-mentioned from electricity. 
He at first thought that these effects might be de* 
pendent on a particular state of the atmosphere ; but 
this conjecture was refuted by the discovery that the 
same movements could be produced at any time, by 
touching the animals with two different metals, which 
at the same time touched one another, either immedi- 
ately, or by the intervention of some other substance 
capable of conducting electricity. The* contractions 
were stronger when a metallic coating, such as tinfoil, 
was applied to the nerve. 

Galvani supposed that the convulsions he had ob- 
served were produced by a disturbance of the elec- 
tricity inherent in animals, which was identical with 
the nervous fluid, and that the metallic substances 
employed had not any other effect than that of tnfns- 
mitting the electricity from the muscles to the nerves, 
or from the nerves to the muscles, or two parts of the 
same muscle, provided two different metals were 
used. To explain the phenomena, he had recourse 
to the experiments of Bennet, who had some time 
before observed, that when plates of different metals 
were brought into contact, one of them transmitted a 
portion of its electricity to the other, and when 
separated, they evinced signs of opposite states of 
electricity. When the plates, for instance, were one 
of copper, and the other of zinc ; the former, while 
the two were in contact, gave a portion of its elec- 
tricity to the latter. Hence, when they were separa- 
ted and examined by the electrometer, the copper 
exhibited signs of negative electricity, aud the zino 
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thoM of poritive. Volia therafiDve oonolodecl, tli«^ 
the eleoiricitj oYolyed io the experimentB in questioii, 
arose from the oontact of the diffefeat metals, and 
the ooDTulnons of the animals operated upon, wese 
merely the oonseqnences of the etimnlns applied io 
their nenree and moadee, which were thus OTinoed to 
be most delicate deetrometera. 

The first stage or epoch in the history of galyamsni, 
must be considered that in which it was observed 
that excited electricity produced mnsoolar conteactions 
in dead animals ; the second, is that in which it was 
obsenred that diffwent metallic bodies, by mere con-* 
tact, produced the same kind of contiw^ions; the 
third, and most remarkable one, commences with 
Yolta's admirable discorery of the means of acounm-* 
lating the galyanic influence. This inTention, whteh 
justly confers so much celebrity on its author, is, is 
galyanism, analagous to that of the Leyden ]>hial in 
common electricity, and became, like the pmal, the 
precursor of the most brilliant ^iseoTniss ; and 
philosophers can indeed as yet form but a w» im- 
perfect judgment of the consequences to whidli it will 
lead. It is called the Yoltatc pile, and consists in 
combining the effects of a number of plates of different 
metals, by which means a galvanic battery, capable 
of giving a shock, is constituted. As silver and zinc 
had been found, when a single piece of each was 
employed, to have the greatest effect in producing 
muscular contractions, these metals were selected by 
Yolta for his battery. The silver plates generally 
consisted of coins, and the plates of zinc were of the 
same size. The like number of pieces of cloth, paste- 
board, or leather, of the same size, and saturated 
with a solution of common salt were also provided. 
These substances were piled upon each other in the 
following order: first, ranc, then silver, then wet 
cloth ; Uien again, zinc, silver, wet doth, till by this 
regular alternation the pile became sufficiently high. 
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If the height of the pile was considerabley it was 
usually supported by three pillars of glass or varnished 
wood. The pile thus formed, was found to unite the 
effects of as many pairs of plates as it contained. A 
pile of fifty pairs of plates, with as many correspond- 
ing pieces of wet cloth, was found to give a pretty 
smart shock, similar to an electric shock, every time 
that a communication was made between the top and 
bottom of the pile. It was found however, that 
little or no shook was perceived, when the hands, or 
other parts applied, were not previously moistened. 
It was also observed, that the effects were increased 
when a larger surface was exposed to the action of 
the pile. If the communication was made by touching 
the pile with the tip of each finger merely, the effect 
was not perceived beyond the joint of the knuckle ; 
but if a spoon, or other metallic substance was 
grasped in moistened hands, the effect was felt up to 
the shoulder. If the communication be formed be- 
tween any par^ of the face, particularly near the 
eyes, and another part of the body, a vivid flash of 
light, corresponding with the shock is perceived. 
This phenomenon may be more faintly observed, by 
placing a piece of silver, as a shilling, between the 
upper lip and the gum, and la3ring a piece of zinc at 
the same time upon the tongue ; upon bringing the 
two metals into contact, a &iut flash of light genera 
ally appears. It is singular, that this light is equally 
vived in the dark with the strongest light, and whe- 
ther the eyes be shut or open. 

Yolta contrived another variety of the galvanic bat- 
tery« The pairs of plates were soldered to each end 
ai a bit of wire, which was afterwards bent into an 
arch so that the plates became parallel to each other. 
Glass cups were then filled with a solution of common 
salt, and ranged side by side ; the metalHe arcs were 
«o placed, that the silver plate was immersed in one 
cnp, and the zinc plate in another ; and each glass. 
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ezoept the extreme ones, contained one plate of each 
metal. Its efieots aie rimilar to thoee of the pile, 
when the circuit is completed hy a commnnicaiioB 
between the liquid of the first and last glass. 

The Voltaic pile, as well as the battery, are now but 
little used, having been superseded by batteries of much 
more convenient form, particularly when a great accu- 
mulation of galvanism is required. In using the pile 
for example, it is tedious, after the cloth has become 
dry, to take the whole of the pile in pieces to moisten 
it, and the battery with glasses is deficient in com- 
pactness. Cruiksbank, of Woolwich, therefore, in- 
vented a battery conunonly called from its form, a 
galvanic trough. It consists of a trough of baked 
wood, about three inches deep, and three inches broad. 
Tbe two sides of this vessel contain a number of per- 
pendicular grooves, opposite each other, and about 
three-eighths of an inch apart. Into each pair of the 
grooves is put a plate of zinc and silver, or sdnc and 
copper soldered together at the edges. These double 
plates are fastened in the grooves by means of a cement 
composed of five parts of resin, four of bees' wax, and 
two of powdered red ochre. All the cells between the 
plates must be perfectly water tight, and care must 
therefore be taken to run in the cement so as to secare 
this point. It will be found convenient, and will 
facilitate the business of fixing the plates, if they be 
heated till they can only just be handled, and smeared 
at the edges with the cement before they are put in. 
Any communication between the cells would destroy 
the effect. 

The order of metals in a trough must be the same as 
in the pile, that is, the different metals must be next 
each other, and supposing zinc and copper to be used, 
if zinc be the outermost at one end, copper must be 
the outermost at the other. 

The length of the trough is of course determined by 
the number of plates it is to -contain, and the generiil 
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rule is iiot to make tbe troughs heavier than one per- 
son can conveniently lift : fifty pairs of plates are a 
common number. 

When the plates are properly fixed, the kind of fluid 
"With which they are to be filled must be considered ; 
water will answer only in a very slight degree ; it has 
been found that the efiect of the trough has been 
greatly increased by the use of liquids which are capa- 
ble of oxidating, or exerting a chemical action on, at 
least, one of the metals; the water is, therefore, 
acidulated, or some common salt or muriate of ammonia 
is dissolved in it. Having filled the cells, the upper- 
most edges of the plates must be dried with a towel, 
to prevent any communication in that way. 

When a communication is made between the first 
and the last cell, the same efiects take place as when a 
communication is formed between the top and bottom 
of Yolta's pile, only in a degree proportioned to the 
difference of acting surface. 

In performing experiments, the communication be- 
tween the extremities of a battery is usually completed 
by inserting a wire at each end, and the extremities 
of these wires being brought nearly into contact, the 
galvanic action is exerted on any substance interposed 
between them, by which means very slender wires, or 
thin leaves of metals, or pieces of charcoal may be 
consumed ; the action of galvanism upon inflammable 
bodies is astonishingly powerful, and the exhibition of 
it upon metals is particularly interesting. 

When a great combination of galvanism is wanted, 
it may be obtained by a combination of troughs. 
Pieces of copper, bent so as to dip into the adjoining 
cells, connect the troughs together, and the wires con- 
nected with the ends, act on the substances with the 
accumulated force of the whole number of troughs 
employed. In thus connecting batteries, care must 
be taken that the zinc end of one trough be next to 
the copper end of the other. 

N 
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OBNUUL TXBW OF OILTANIBV. 

It hM beeo imieh oootested, whether galyanism and 
ekotrioiiy are owing to the opention of the same fluid, 
bnt the qaeitioa appears to be now satisfMstorily de- 
cided in the affinnatiTe. A principal argument in 
ikyoar of their being different, waa» that galraniem 
deoompoted water, an effect of which electricity was 
not known to be capable. Bnt Dr. Wollaston not 
onljr decomposed water by electricity, but prodaoed, 
by the same aoent, a variety of other effects, which 
had been previonsly considered as ezdasiyely pro- 
ducible by ffalyanism. It appears, therefore, that 
the principal difference between electricity and gal- 
vanism consists in the mode of exciting, accumulating, 
and applying the fluid. 

It will be proper to obsenre that the conductors of 
galvanism are divided into two classes. The first 
class indndes dry and good conductors, such as metals 
and charcoal; the second class indudes water and 
other oxidating fluids, and the substances which con- 
tain these fluids. This second class might be sub- 
divided into species; for substances not themselves 
good conductors, if merdy containing or moistened 
with a fluid, are not equal in conducting power to the 
fluid itself. 

From the various researches of philosophers the fol- 
lowing results have been obtained : — 

In common dectridty, the fluid is excited by the 
rubbing of an electric and non- electric conductor, and 
without the electric no efifbct of this sort can be 
produced. In galvanism, the fluid is excited by 
the conductor alone, without the intervention of 
electrics, being evolved by the chemical agency of the 
substances empl<^ed; for Sir H. Davy discovered 
that the dectridty is produced by a chemical action 
of the different substances on each other, that the 
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e£feot is greater or less in proportion as this action is 
so, and that therefore two dissimilar metals are not 
essential to the eTolutions of galvanism. 

To pxodnce the galvanic action, three different snh- 
fltances at least, which are condactors of electricity, 
mnst be placed in contact, so as to form a circuit irom 
one to another, for no sensible effect is produced from 
two conductors, nor from thre^ when the communica- 
tion between any two of them is broken by an electric ; 
hence such a combination of three different conductors 
is called a simple galvanic circle. 

It seems to be indispensably requisite, that in a 
simple galvanic circle the conductor or conductors of 
one class should have some chemical action upon the 
other conductor or c(«ductors; without which cir- 
cumstance the combination of three bodies will have 
either no galvanic action at all, or a very slight one. 
Further, the galvanic action is evidently proportionate 
to the degree of chemical agency, which seems to show 
that some chemical action is the primary cause of the 
electric phenomena. The most active circles of tho 
first order, are two solids of different degrees of ozida- 
bility and a fluid capable of oxidating at least one of 
the BoUds. Thus gold, silver, and water do not form 
an active galvanic circle ; but the circle will become 
active, if a little nitric acid, or any fluid decomposable 
by silver is mixed with the water. A combination of 
sdnc, silver, amd water is found to oxidate the zinc, 
provided the water holds some atmospherical air, and 
especially if it contains oxygen gas. But zinc, silver, 
and water containing a little nitric acid, form a more 
powerful galvanic circle, the fluid being capable of 
acting both upon the zinc and upon the silver. The 
most powerful galvanic combinations of the second 
order, aro when two conductors of the second claaa have 
different chemical actions on the conductors of the 
first class, at the same time that they have an action 
on each other. Thus copper or silver, or lead, with 
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a Bolation of an alkaline snlpboret, and dilated nitrons 
aoid, forms a very active gaJvanic circle. 

After Yolta bad discovered the pile, it became an 
interesting object of inquiry to ascertain, with as mncb 
mittttteness as possible, the combinations of substances 
which produced the greatest effect. A vast nnmber 
of experiments were tried, with this view, by different 
persons, and at the Royal Institution, by which the 
following results were obtained : — 

Oalvanie Circles of the finA Order^ viz.y which cotuiH 
of two Cunditctars of the First Class, and one of 
the Second. 

Zinc, with gold, or charcoal, or silver, or copper, or 
tin, or iron, or mercury; and water containing a 
small quantity of any of the mineral acids. 

Iron, with gold, or charcoal, or silver, or copper, 
or tin, and a weak solution of any of the mineral 
acids. 

Tin, with gold, or lilver, or charcoal and a weak 
solution of any of the mineral acids, as above. 

Lead, with gold or silver, and a weak solution, as 
above. 

Any of the above metallic combinations and com - 
men water, viz., water containing atmospherical air, 
or especially water containing oxygen air. 

Copper, with gold or silver, and a solution of nitrate 
of silver and mercury; or the nitric acid; or the 
acetous acid. 

Silver, with gold and the nitric acid. 

Galvanic Circles of the Second Order ^ mz,^ which con- 
sist of one Conductor of the First Class^ and two if 
the Second. 

Charcoal, or copper, or silver, or lead, or tin, or 
iron, or zinc, with water, or with a solution of any 
hydrogenated alkaline sulphnret, capable of acting on 
the first three metals only ; and diluted nitrous acid 
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or oxygenated muriatic acid, icc.^ capable of acting 
upon all the metals. 

The history of philosophy affords many examples 
of observations which have remained isolated and use- 
less for ages, and which, though often desired or dis* 
credited, have by the progress of discovery grown into 
importance, and become parts of a beautiful system, 
contributing at the same time essentially to the early 
maturity of some departments of knowledge. Hence 
those who have accurately detailed a single new phe« 
Bomenon, which appeared to have no connexion with 
any thing useful, or any thing known, have in fact 
often been p^orming a work which should give cele- 
brity to their names, by the direction it has given to 
inquiry, and the light it has thrown on subsequent 
researches. 

In galvanism, several instances of the kind alluded 
to have occurred, and some of them it may be curious 
to mention. 

A long time prior to the esMi^ishment of galvanism 
as a science, it bad been observed, that if two different 
metaLs were placed in contact under water, they were 
subject to a rapid oxidation, though the water had no 
perceptible action upon them when they were alone. 

It had also been observed that ancient inscriptions, 
made of mixed metals, were totally defaced, while 
those made of pure metals were in excellent preser- 
vation. 

When metals have been soldered by meass of other 
metals, they were found to tarnish about the places 
where they were joined ; and the copper sheating of 
ships, when fastened by means of iron nails, soon cor- 
rodes about the place where the diffident metals touch 
each other. 

It bad been generally affirmed that porter drank 
out of a pewter vessel, has a taste different from that 
drank out of a glass, or earthenware. 

It is now evident that in all these cases the metals 
N 2 
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produce these effectip, by their galvanic action on each 
other. 

The ssinc end of a battery is considered to be pins, 
or positive ; and the copper end to be minus, or nega- 
tive. 

Galvanic batteries, containing an eqnal qnantity of 
similar metallic surface, have different eflects, if the 
size of the plates be different. The greater the num- 
ber of the plates, the stronger is the shock which they 
will give ; on the contrary, the larger the plates, the 
greater is their power of deflagration ; the extent of 
surface in each case supposed to be the same. 

Different animals are susceptible of galvanism in 
very different degrees. In cold blooded animals this 
susceptibility sometimes continues for several days 
after death ; in the more perfect animals, as man, it 
continues only for a few hours, and sometimes ceases 
in a few minutes. A fish, with the organization of 
its head completely destroyed by bruises, preserves 
its irritability longer Hfon if it had not been thus 
treated. 

Frogs have been found the most convenient subjects 
for galvanic operations. Galvani prepared these ani- 
mals by skinning their legs when recently dead, and 
leaving the legs attached to a small part of the spine, 
but separated from the rest of the body. The strongest 
contractions are produced when the galvanic electri- 
city is caused to pass through the nerve to the muscles. 
Frogs which have been galvanized very quickly be- 
come putrid. 

Perhaps, most of those who try galvanic experi- 
ments merely for the purpose of amusement, would 
choose to dispense with the skinning of frogs. It 
may, therefore, be observed, that an ample proof of 
the power of galvanism over the dead animal muscle, 
may be obtained by galvanising any animal killed for 
domestic use. It will only be necessary to point the 
wires from the battery, and to penetrate the skin with 
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them, at the two parts at which such a communication 
is intended to be made. 

The medical uses of galvanism cannot yet be fully 
estimated. In some cases it has proved beneficial ; in 
others, it has had no effect whatever ; and in others, 
an unfavourable effect has been attributed to it. The 
cases in which it is in general most eligible to try it, 
are those for which common electricity is proper, and 
has failed. In instances of numbness, palsy, and 
suffocation, it has proved highly advantageous. 

Various hypotheses have been offered to account 
for the phenomenon of galvanism ; but that which 
appears to be the most comprehensive, considers them 
as of an electrical nature. During the combination of 
a metal, and, perhaps, of other substances, with 
oxygen, a quantity of electricity, it is supposed, is 
liberated or generated. In proof of the similarity of 
electricity and galvanism. Dr. WoUastoa observes, 
that both appear to depend upon oxidation, for an 
amalgam not liable to oxidation, such as of gold and 
platina, will not excite an electrical machine, and the 
effect of any amalgam is in proportion to the ease 
with which it is oxidated. 

To account for the difference in the effects between 
galvanism and electricity, it is asserted, and seems to 
be a well established fact, that galvanism is electricity 
in a state of little condensation. In proof of this, it is 
found that a common electrical jar or battery, may be 
charged by means of a galvanic battery; one wire 
from which, for this purpose, must communicate with 
the inside, and the other, with the outside, coating of 
the jar : the charge is given in a moment, but it is 
low, and such only as the jar would receive from a 
few turns of the ordinary electrical machine. Hence 
it is not difficult to explain, why the galvanic should 
be the greatest from a numerous series of plates, while 
the largeness of the plates is most essential to defla- 
gration ; for the force of the electric shock depends 
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upon the itUemUy of the eleotric flnid, while ihm 
combustion depends very much upon its quanUiy. I^ 
then, six large pairs of plates, and six hundred small 
ones, contain the same surface, and produce equaJ 

auantities of the electric or galvanic fluid ; jet, as in 
lie latter series, the product is confined to narrour 
limits, and acquiices probably a fresh impulse from 
every addition to its quantity in passing from plate to 
plate through its lengthened course, it arrives at the 
extremity of the apparatus in a state of much greater 
intensity, than when only a few plates are employed. 
We shall make but one remark more : — ^the galvanic 
investigations of Sir H. Davy tend to establish an 
opinion, that all substances which have a chemical 
action on each other, are in opposite electrical statee^ 
and that this difierence of states, is the cause of such 
chemical action. Evidence is, however, wanting to 
confirm this beautiful hypothesis, and, consequently, 
it would be useless to show how it ought to modify 
chemical, galvanic, and electrical theories. 



THE THERMOMETER. 

ITS HISTOBY AND GONSTBUGTION. 

The invention of the thermometer, like almost ev^ry 
discovery of great utility, has been claimed for dif- 
ferent philosophers; and national vanity has occa- 
sionally been enlisted in support of the rival claimants. 
There seems but two, however, whose titles are worthy 
of notice. 

The Italian writers generally give the honour to 
their countryman Santorio Santorio, long a physician 
at Yenice, and afterwards a professor at Padua, who 
flourished at the beginning of the seventeenth century, 
and who had obtained just celebrity by his discovexy 
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t>f the insensible perspiration of the animal frame. 
The Dutch philosophers, on the other hand, un- 
hesitatingly ascribe it to Cornelius Drebbel, a phy- 
sician of Alkmaar, who appears to have enjoyed a 
high reputation as a chemist, a mathematician, and an 
inyentive mechanical genius. 

Sautorio expressly claims the invention as his own, 
and he is supported by Borelli and Malpighi. The 
title of Drebbel is considered as undoubted by 
Boerhave and Musschenbroek. It would now, per- 
haps, be difficult to decide the controversy ; but it is 
worthy of remark, that Santorio was born in 1561, 
and died in 1636, did not publish his claim to the 
invention till 1626; and although thermometers are 
alluded to by Robert Find, within the first quarter of 
that century, yet as he travelled both in Germany and 
Italy for six years, we can draw no inference from 
that circumstance. Certain it is, that thermometers 
were aonstructed about the same time, both in Italy, 
and in Holland, on the same principle : and though 
the instruments of Drebbel were well known in 
Holland and England before the fame Santorio ap- 
pears to have reached the North West of Europe, the 
most recent writers have generally considered the 
latter as the real inventor of the thermometer. It is, 
however, by no means improbable, that each may be 
justly entitled to the merit of a discoverer. 

Be this AS it may, the* instrument, from its imper- 
fect construction, was of very little use in the hands 
of either, and required the successive labours of dif- 
ferent philosophers to render it a tolerably accurate 
indicator of the variations of temperature. 

The thermometer, ascribed to Santorio and Drebbel, 
is precisely the same in form and principle. It con- 
sists of a glass tube, with a ball blown on one of its 
extremities, and having the other end open. A 
portion of the air in the ball is expelled by heat, and 
then the open end of the tube is immersed in any 
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liquid contained in the enp. As the ball cook, the 
indaded air diminishes in yolnme, and the liquid is 
forced into the stem by the prsssare of the atmoe- 
phere, until it replaces the y(dame of air which was 
expelled by the heat. When a heated body is ap* 
plied to the ball, the air wiU again be expanded, and 
depress the liquid in the stem ; and if this stem be a 
cylinder, a scale of equal parts applied to it will 
enable the observer to form some idea of the difference 
between the relative temperature of bodies applied to 
the ball. On the removal of the heated bwly, the 
volume of the included air again diminishes, and the 
liquid again rises in the stem by atmospheric pres* 
sure, until the elasticity of the air within the instru- 
ment is in sguUibrio with that of the surfbunding atmos- 
phere. Instruments constructed on tiiis principle are 
called Air Tkermometer* ; because the action depends 
on the elasticity of air ; and from their having been 
originally employed to mark the changes of atmos- 
pheric temperature, they are described by the older 
writers under the name of weather-glasses; a deno- 
mination also given to barometers, 

Drebbel appeare to have devised a variety of the 
instrument more delicate in its indications. The 
globular form of the common bulb, and its small size, 
rendered it less susceptible of slight changes than a 
flattened bulb of larger diameter. 

In the obscure and often almost unintelligible 
writings of our countryman Dr. Robert Flud, pub^ 
lisbed at the beginning of the seventeenth century, 
frequent mention is made of the thermometer, eras he 
calls it speculum ealendarium ; and the common air 
is repeatedly figured in his singular work, De PMUh 
Bopkia Moydacety published in 1688, with its stem 
divided equally into an ascending and descending 
series, each of seven degrees, respectively appropriated 
to summer and winter. It is obvious that the size 
of an air thermometer, on such principles, is only 
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fimited by conyenienoe, and the length of the column 
of liquid which the pressure of the atmosphere can 
sustain in the tube. As originally made, they were 
nnwieldly, they could not be applied to high tempera- 
tures, and were besides, liable to two very important 
objections, as indicators of the atmospheric changes of 
temperature, — they were liable to be afiected not only 
by heat and cold, but by the varying pressure of the 
atmosphere and the scales adapted to them were 
arbitrary, and without fixed points for the compari- 
son of observations made with different instruments. 

The first objection was foreseen and obviated by the 
scientific members of the Florentine Academy, asfiem- 
bled under the patronage of the Grand Duke of 
Tuscany. In the first article, in the published tran- 
sactions of that learned body, we find a full description 
and delineation of a thermometer from which the 
influence of atmospheric pressure is excluded. The 
expansion of spirit of wine is employed to ascertain 
the temperature, instead of the dilatation of air ; and 
the instrument is sealed hermetiadly^ as it is termed, 
or has its orifice closed by melting the glass, after the 
introduction of as much spirit as fills the bulb and a 
portion of the stem. The method employed by the 
Florentine academicians is nearly that still used by the 
makers of the instrument ; namely, by heating the 
bulb in the flame of a lamp, to expel the air, and then 
immersing the open end of the tube in the liquid des- 
tined to fill the thermometer. As the ball cools the 
atmospheric pressure forces the liquid into the stem 
and ball, to supply the vacuum; and the orifice is 
closed by melting with the blow-pipe the end of the 
tube, from which any excess of the liquid may be 
previously expelled by again heating the balL 

The Florentine Academicians appear also to have 
been aware of the necessity of adapting some fixed 
scale to the tube ; but their attempts were not very 
suooessful. They described the thermometer as con- 
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sistiiig of a ball and tube of sacb relative size, *' that 
on filling it to a certain mark of its neck with spirit, 
the cold of BBOW and ice will not cause it to fall below 
20 degrees measnred on the stem ; nor, on the other 
hand, the greatest heat of Bummer expand it more 
than 80 degrees/' This method is evidently erro- 
neous, inasmuch as the last point could be of no 
determinate temperature ; and their system of gradua- 
tion is in itself rather rude. The tube is directed to 
be divided by compasses into ten equal parts, these 
divisions are to be marked ** by a little button of 
iohits enamel ; and these may be further sub-divided 
by the eye, and the intermediate degrees marked by 
buttons of glass, or of block enamel.'' 

This instrument was variously modified by them to 
suit different purposes. The ball was occasionally 
enlarged, and the tube reduced in thickness to render 
the instrument more sensible; and in the work already 
quoted, we find a figure of a thermometer of this sort 
with the stem spirally twisted to render it more p(»- 
table, and less liable to accident. 

Another invention of the Florentine academicians 
to indicate changes of temperature may be here noticed. 
It consisted of hermetically sealed spherules of glass, 
of dificrent specific gravities, introduced into a wide 
tube filled with pure spirit. The degree of the 
Florentine thermometer at which each sank was 
noted, and by hanging this instrument in an apart- 
ment, it somewhat showed the variations of the 
temperature of the surrounding air, though slowly. 
Imperfect as these attempts were, they paved the 
way to very important improvements in thermo- 
meters. 

The inde&tigable Boyle appears early to have 
turned his attention to the improvement of the ther- 
mometer, and his first attempts were on the air ther- 
mometer, or the weather-glass, as it was then styled. 
He rendered the instrulkient more convenient, by 
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making one reservoir for the liquid and the air at the 
bottom of the tube ; and thus the thermometer might 
be conveniently dipt in a fluid, or applied to any body 
for ascertaining its temperature. ^' The thermometer," 
he says, '^ being made by the insertion of a cylindrical 
pipe of glass (open at both ends) into a phial or bot- 
tle, and by exactly stopping with sealing wax, or 
very close cement the mouth of the phial, that the 
included air may have no communication with the 
external, but by the newly mentioned pipe." If a 
portion of any liquid sufficient to cover the lower 
extremity of the pipe be contained in the bottle, it is 
obvious, that the expansion of the enclosed air will 
elevate the included liquid in the cylindrical pipe ; 
and this liquid will again descend on the contraction 
of the enclosed. Mr. Boyle likewise showed that no 
dependence could be placed on the indications of open 
air thermometers under different degrees of atmo- 
spheric pressure ; and he states, that on plunging the 
bulbs of different thermometers in liquids of very 
different specific gravities, as mercury and water, the 
liquor in the stem stood at unequal heights though 
both had been long exposed to the same temperature. 
The Florentine thermometer was about that time 
introduced into England, and duly appreciated by 
both Boyle and Hooke. The specimen seen by these 
philosophers was filled with colourless spirit^ but ihey 
made use of spirits of wiue, tinged with cochineal, 
*' of lovely red ;" and, says Boyle " 'tis pleasant to 
see how many inches a mild degree of heat will make 
the tincture ascend in the cylindrical stem uf one of 
these useful instruments." Buyle was fully aware of 
the imperfection of the scales hitherto applied to the 
thermometer, and sought to discover a remedy. He 
proposed to obtain a fixed point in the scale by mark- 
ing the height of the liquid in the stem of the instrn- 
ment, when the ball was placed in thawing oil of ani- 
seeds, a point which he preferred to that of thawing 
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ice, because the former ooald be obtained at any 
period of the year. Hia method of making two or 
more comparable thermometers, however, would be 
fouod extremely difficult, if not impossible in prae- 
tice ; it is best explained in his own words — ^^ For if 
you put such rectified spirit of wine into a glass, tbe 
cavity of whose spherical, and that of its cyfindrical 
part, are as near as may be, equal to corresponding 
cavities in the former glass, you may by some heedful 
trials, made with thawed and recongealed oil of ani- 
seeds, bring the second weatber*glas8 to be somewhat 
like the first ; and if you know the quantity <tf yoni 
spirit of wine you may easily enough make an esti- 
mate, by the place it reaches to in the neck of the 
instrument, whose capacity you also know, whether 
it expands or contracts itself to the fortieth, the thir- 
tieth, or the twentieth part of the bulk it was o^ 
when the weather- glass was made/' 

Boyle mentions that an ^^ ingenious man" (alluding 
to Hooke) had proposed the freezing of distilled wa- 
ter as a fixed point in the scale of thermometers, but 
he himself evidently gives the preference to the con- 
gealing point of aniseed oil. Dr. Halley proposed to 
regulate tbe scale by the uniform temperature of such 
a cavern as that under the Observatory of Paris, or 
the point at which spirit bails ; and he also suggested 
the fixing of the scale from the boiling of 'UKKkr. 
This point he considered as an invariably fixed one, 
not liable to alteration from external circumstances ; 
and the same idea was entertained by Amontons. 
With a single point so fixed, the method attempted 
by Boyle, Halley, and Hooke was to calculate the 
proportion of the stem to the ball, and thus to deter- 
mine the increase in bulk of the whole liquid by a 
certain temperature. 

Dr. Hooke appears invariably to have used in his 
thermometers spirits of wine ^* highly tinged with 
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the lovely colour of cochineal, which he deepened hy 
pouring in it some drops of common spirit of wine." 

The sagacity of our illustrious Newton saw the 
importance of improving thermometers. He appears 
to have been early aware of the inconvenience of 
spirit as a thermometric fluid, and employed linseed 
ool to £11 his thermometers. It has the advantage of 
being able to endure a very considerable temperature 
without endangering the bursting of the tube, and 
therefore can be applied to a higher range of tempe- 
rature than a spirit thermometer. It has the advan- 
tage however, to be more slugglish in its movements, 
and to adhere much to the inside of the tube while it 
differs greatly in its fluidity at different temperatures. 
Newton perodved the inconvenience of having two 
fixed points in the construction of the scale ; and he 
used the freezing and boiling points of water as the 
most suitable for this purpose. 

Newton continued his scale of temperature farther 
by observing the rate of cooling of heated bodies, 
until he could apply his thermometer to them, on the 
principle that equal decrements of temperature take 
place in equal times. It was thus he estimated the 
temperature of iron heated to the utmost intensity 
of a small kitchen fire equal to 194 degrees, and in a 
fire of wood about 200 or 210 degrees of the same 
scale. 

It is perhaps unfortunate for the philosophy of heat 
that more sublime and dazzling objects drew New- 
ton's attention to other pursuits. Though he led the 
way to just views of the subject, neither he nor any 
of his predecessors appear to have been aware of the 
influence of the varying atmospheric pressure on the 
boiling points of liquids : nor do any of them seem to 
have considered that the varying expansions of the 
thermometric liquids at different temperatures, and 
the expansions of the glass of the instrument, must 
have materially affected every attempt to subdivide 
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the Btem of the thennometer into fraotioiial parts tif 
the whole bulk of the contained liquid. 

One of these questions, however, seems to have 
about that time engaged the attentiou of philosophers, 
Tis., whether equal increments of temperature caused 
equal expansions of the ihermometric fluid. Dr. 
Brooke Taylor tried the experiment with an oil ther- 
mometer, by mixing definite portions of hot and coM 
water, and measurins the temperature of the mixture. 
His conclusion was m the affirmative ; but the deli- 
cacy of his instruments was unequal to the solution of 
this nice problem, although he has the merit of point- 
ing out how the problem is to be solved. 

The Memoirs of the French Academy of Science 
contain several descriptions of thermometers, and an 
account of many interesting observations with these 
instruments ; but the first alteration in their construc- 
tion deserving of notice is the air thermometer of 
Geoffroy which, from the short description, appears 
to be an improvement on that of Boyle, inasmuch as 
it is not affected by atmospheric pressure. He 
describes his tube as without any opening, except 
one, which descends almost to the bottom of the ball, 
and there dips into a small portion of coloured liquid. 
It is not stated how the ball was joined to the tube, 
but it was most probably by cement. 

M. Amontons clearly saw the importance of fixed 
points in the thermometric scale, and proposed to ob- 
tain them from the boiling point of water. His ther- 
mometer consisted of a tube four feet in length, ending 
below in a ball bent upwards, and open at the upp^ 
extremity. The measure of the temperature was the 
elasticity of a given portion of air included in the baU, 
and subjected to a pressure equal to two atmospheres, 
by adding to the usual atmospheric pressure that of a 
column of mercury of 28 French inches, which is 
equal to 56 inches under the usual pressure. 

Although the idea of Amonton's was a fine ap- 
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prozimation to a universal standard for a thermome* 
trie scale, the instrument is liable to such objections, 
that its principle seems scarcely ever to have been put 
in practice, except by its inventor. 

While these attempts to perfect the thermometer 
were making in France, important improvements on 
it were effected in Germany and Holland, by the in- 
troduction of quicksilver as the thermometric fluid. 

Science is indebted to Roemer, the celebrated 
astronomer of Dantzic, for this improvement, to whom 
the invention is ascribed by Boerhave, as well as the 
first idea of the scale now known as that of Fahren- 
heit. Thermometers of this construction were made 
by Gabriel Fahrenheit, a native of Dantsdc, in so per- 
fect a manner, that he has generally been considered 
as the original inventor; they were speedily spread 
over the north of Europe under his name, and to this 
day they maintain their acknowledged superiority in 
several countries, especially in Great Britain. 

The mercurial thermometer was used by the 
Italian philosopher, Renaldini, before the end of the 
seventeenth century ; and he proposed an ingenious 
method of graduating it between the freezing and 
boiling points of water, by successive mixtiires ot 
determinate weights of boiling and ice-cold water. 

The great advantage of Fahrenheit's thermometer 
over every other previous invention, consisted, in its 
applicability to a greater range of temperature, from 
the freezing to the boiling points of quicksilver ; in its 
not soiling the containing tubet, and in its receiving 
the impressions of beat and cold more readily, awhile 
i^ density rendered capillary tubes filled witli it per- 
fectly visible ; and thus the instrument became more 
portable and delicate. We may also remark, tliat at 
the period of its invention, there was no other scsde in 
use that could vie with it in accuracy ; and. i't still 
possesses such peculiar advantages that the ol>8eryer 
is seldom troubled with negative degrees, stn<i from 
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the number of its diyisioiiB has rarely, in ordinaiy 
operations, to use fractions of a degree. 

It would now be a waste of time to describe the 
yarious thermometers which were in use in France 
and England before the time of Fahrenheit. They 
were all without fixed pmnts in the scale ; and though 
they were Taunted as constructed alter the models i& 
the Royal Observatory at Paris, or in the apartments 
of the Royal Society of London, they gave most 
incongruous results. We shall therefore pass to the 

PrecaiiUionM nmrnary to he obtenfed in eomtrueHnp 
accurate Tkermometeri, 

A general idea has been abeady giTen of the mode 
of constructing a Thermometer, but where so much 
accuracy is required there are many niceties that de* 
mand attention. 

1. The tube should be of equal diameter through^ 
out the whole stem. As obtained from the glass- 
house, the tubes are in reality frustra of very elongated 
hollow cones, which by extension, become more or 
less nearly cylindical, and as the divisions of the scale 
are usually equal, it is very important that the tube 
should not perceptibly differ from a true cylinder. 

For these purposes, after a tube has been chosen by 
the eye as equal in calibre as possible, the best makers 
blow a bulb on it, and introduce a short column of 
mercury into the stem, perhaps an inch in length, 
which is accurately measured on a fine scale of equal 
parts, in difierent portions of the tube, as the column 
is, by the heat of the hand, moved from the bulb to 
the open extremity of the tube. Should the mer^ 
curial column subtend the same number of divimons 
on the scale in every part of the tube it may be con- 
sidered as a perfect tube for a thermometer. 

The late Mr. Wilson of Glasgow, introduced ther- 
mometric tubes of an elliptical bore. The advantage 
of this form is, that a Y&cy small column of mercury 
is much more visible when it is expanded at right 
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angles to the line of vision. If due caution be taken 
to ensure the equality of the tube, this form answers 
well, especially for ordinary purposes; but where 
great nicety is required, we would recommend the 
cylindrical tube. 

2. The form and proportion of the bulb may yary 
according to the purpose for which it is to be applied. 
The larger the bulb in proportion to the stem so much 
more delicately susceptible of changes of temperature 
will be the thermometer. The spherical bulb Is to 
be preferred, for this shape is least likely to be affected 
by the varying pressure of the air ; but when the bulb 
is very large, this form renders the thermometer less 
susceptible of minute changes of temperature, and 
pyriform or cylindrical bulbs are usually adopted. 

Informing the bulb the|mouth must not be employed 
to blow it, otherwise moisture will condense in the 
tube, which is expelled with much dif&culty and if 
suffered to remain, will greatly impair the value of 
the thermometer. Good instrument makers use a 
small bottle of caoutchouc, or elastic gum, fastened by 
a thread on the end of the tube, while the other ex- 
tremity is softened by the flame of a tallow lamp, 
urged by a blow pipe. By compressing the bottle, 
after the orifice of the softened end of the tube is 
closed by the aid of another rod of glass, a bulb is 
formed of any required size ; but a neat workman 
will rarely consider the first blown bulb sufficiently 
wdl formed for his purpose. It is generally dilated 
till it bursts ; the glass while still soft, is compressed 
into a rounded mass, and a fresh bulb formed of a 
regular shape and size proportioned to the calibre of 
the tube. Should the artist not intend to seal the 
tube immediately, he usually hermetically seals the 
other end of the tube to prevent the entrance of damp 
air and dust. 

3. The necessary precautions used in filling ther- 
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mometere with mercury are plaiolj pointed ont in 

Nicholson's Chemistry^ tizi — 

The mercury should be clean, dry, and recently 
boiled, to expel air as much as possible. Mercury is 
often cleaned by thermometer makers by agitating it 
in a phial, for some time, with sand^ and then strain- 
ing it through leather ; for nice instruments it shooid 
be ditttilled from iron filiogs, or reduced from its 
sulphurets in clean iron TesseLi at a moderate heat. 

Tlie bulb, to be filled, is heated in the flame of a 
lamp, and the open extremity of the tube is immersed 
in the mercury ; as the bulb cools, the pressure of the 
atmodphere forces the fluid into the tube and balL 
The bulb should be but moderately heated at first, so 
as on cooling to become only half filled. 

4. To ensure a delicate thermometer the mercury is 
next to be boiled in the thermometer. For thia 
purpose a slip of clean paper is to be rolled tightly round 
the upper part of the tube, so as to form, beyond tlie 
orifice, a cup or cylinder capable of containing as much 
mercury as the bulb : secure this round the tube with 
a thread, put a drop of mercury into the paper cavity, 
and again apply the heat to the bulb, holding the tube 
by the part covered with the paper, the mercury will 
soon boil, and about one half of the contents of the 
ball will rush up into the paper cup. On removing 
the bulb from the candle tbe mercury will suddenly 
return. Repeat this operation again and again, until 
the speedy boiling of the mercury, and the diminished 
noise and agitation show that the whole has 
been well heated, and air and moisture expelled from 
it. Should there be the least moisture in the tube 
before this part of the operation, it is very likely to 
burst the bulb ; and the same accident is likely to 
happen, if the mercury be too strongly boiled the first 
or second time. 

5. The tube is now to be hermetically seeded^ that is, 
closed by the fusion of the gloss at the upper extremity, 
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which for this purpose is previously drawn to a 
capillary orifice. When it is intended to free the tube 
entirely from air, which is the best method with 
mercurial thermometers, heat is again to be gently 
applied to the bulb, which at the same moment is to 
be softened by another flame, and closed in the usual 
way, as soon as the mercury reaches the extremity of 
the tube. When the ball has cooled a little the 
sealing is rendered more secure by fusing the glass 
more fully round the top, so as completely to obliterate 
the orifice. If the vacuum be perfect, the mercury 
will fall to the extremity of the tube, on inverting the 
thermometer, unless the calibre be absolutely capillary ; 
in which case capillary attraction will overcome the 
force of gravity, and the mercury will retain its 
position in the tube, in every situation of the instru- 
ment. Where there is a complete vacuum in the tube, 
the mercury must be well boiled before the sealing, 
as above directed : and when we choose a thermometer, 
the ready falling of the mercury, on inversion of the 
tube, is the best test we can have that the mercury 
has been well freed from air and moisture. This 
vacuum is not, however, so essential to the true action 
of the thermometer as was once supposed. A 
thermometer with a small dilatation of the tube when 
sealed, containing some common air, has lately been 
recommended as preferable to the instrument with a 
vacuum on the surface of the mercury. 

6. We came now to the last and most delicate step 
of the process, the adaptation of the scale to the 
instrument. 

In the manufacture of thermometers this is con- 
veniently done by plunging the new instrument, along 
with a standard thermometer into two liquids at 
di£Ferent temperatures : .but the graduation of this 
standard instrument is a work of such nicety and 
importance, that a committee of seven members of the 
Boyal Society was formed to investigate the subject, 
2 
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and their elaborate report is giyen in the Society's 
Transactions, where all the requisite circamstances are 
distinctly noticed, and the best manipulations minutely 
described. 

Two fixed points are sought, and the freeaing and 
boiling points of water are most conyenient for tiiat 
purpose. To find the first, nothing more is necessary 
than to place the thermometer to be graduated, after 
it is filled, in melting snow, or ice, in such quantity 
around the ball and tube, as to bring it to the desired 
temperature. When the mercury has become station- 
ary in ihe tube, a mark is to be made on the tube 
with a file, just opposite to the top of the mercnral 
colnmn ; and that mark fixes the freezing point of the 
scale of the instrument. The determination of the 
boiling point is much mcnre difficult, because it is 
affected by atmospherical pressure, and eyen by the 
form of the vessel in which the water is heated. The 
Committee of the Royal Society recommend that the- 
boiling point ought to be fixed under a barometrical 
pressure of 29. 80 inches. 



CHEMISTRY. 

Chemistry acquaints us with the yarious means of 
changing the properties of their bodies, by their ac- 
tion upon each other, whether in a simple or a com- 
pound state. 

Chemistry is a science the utility of which is as 
boundless as its extent. What grasp at the knowledge 
of terrestial things can be conceived wider than that 
which embraces the action of aU bodies, under all cir- 
cumstances, upon each other ; or what can be more 
important to the enjoyment of physical existence, 
than the best means of obtaining what this know- 
ledge would give whateyer is most conducive to its 
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welfare. The growth and preparation of food, in 
short, every process on which the comforts of life, 
and the manual performances of man are dependant, 
can improve only with our knowledge of those bodies 
which are the instruments we must use to minister 
to our wants. 

To trace in a regnlar manner the history of 
chemistry, though a task not devoid of interest, would 
contribute nothing to the elucidation of the principles 
of science. We shall therefore confine ourselves to 
such remarks of an historical nature as incidentally 
occur, and proceed immediately to useful details. 1. 
We shall shortly advert to the nomenclature of 
chemists, or the language which they use to designate 
the chemical state or differences of substances; 2, treat 
of that power of attraction between the particles of 
bodies upon which chemical changes depend ; 3, give 
a general view of the implements and manipulations 
of the laboratory, but which the action of this attrac- 
tion is modified ; 4, enter upon the consideration of 
light and caloric, those unconfinable powers which so 
many of these manipulations elicit or require ; 5, treat 
of simple substances in general, and from simple sub- 
stances proceed to those which are compounded. 

CHEMICAL 190MEMCLATURE. 

From the revival of learning after the fall of the 
Roman empire, to nearly the close of the seventeenth 
century, Chemistry had been chiefly confined to those 
who followed it with alchemical views. 

Several eminent French chemists determined to 
take a comprehensive view of the subject, and to 
remodel the whole system of chemical nomenclature, 
a task which they completed in 1787. Their object 
was to reject all the old names which conveyed false 
ideas, but to preserve those which were not of this 
class, and to which custom had given a currency 
scarcely, and not usefully tc be checked ; they at the 
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aame time introdaced new terms of appropriate deri- 
▼atioD ; and the method of forming compound termSy 
M) as to indicate the composition of compound bodies, 
was pointed out. This system of nomenclature pos- 
sessed so such merit, that the adoption of it soon be- 
came general in France, and from thence it spread with 
great rapidity to other countries, where it was re- 
ceived either entirely, or ¥rith such improyements as 
experience warranted. — ^The objections which have 
been urged against it are futile; they have chiefly 
amounted to this, that it is not absolutely periect, and 
will, by tlie progress of discoyery, hereafter require 
to be modified. On the contrary, a high eulogium on 
its value and opportune establishment, is conveyed by 
tlie opinion of several eminent chemists, that the pre- 
sent state of chemistry could not be delineated by the 
language previously in use. 

Our limits preclude the possibility of inserting a 
table of chemical terms in this place ; but where op- 
portunities occur, we will give the necessary explana- 
tions, as each subject gives occasion. 

CHBMICA.L ATTRACTION OR AFFINITY. 

Of all the species of attraction, that of gravitation is 
the most general and uniform. As far as human in- 
vedtigation extends, it appears to be exerted on every 
equal particle of matter in an equal degree, and con- 
sequently upon all aggregates, in exact proportion to 
the quantity of matter they contain. Its action also 
prevails at all didtances, and is entirely independent of 
the state or nature of materials. 

The attraction cohesion, on the contrary, takes 
place only in minute distances ; it differs greatly in 
degree between different substances, and between 
some substances is supposed to depend upon the 
strength of the attraction of cohesion between their 
particles, because the^ stronger this is, the more it op- 
poses the disunity of the body. This species of at- 
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traction is often called the iUtraeHon of aggregaiwn^ 
because it simply tends to unite the particles of the 
same or different bodies into a mass, without any 
power to render the mass homogeneous — Capillary 
attraction is merely a branch of the attraction of 
cohesion. 

Magnetic attraction is of a very partial nature ; it 
is exerted only upon a very few substances, and by 
these substances only on each other. 

All bodies are capable of exerting electrical attrac- 
tion, but they must in the first place, according to the 
yiew which the present state of knowledge affords of 
the subject, be either over or under saturated with a 
principle called the electric fluid. 

It is uncertain whether all these kinds of attraction 
result from principles essentially different, or are dif- 
ferent modifications of the same cause. 

The species of attraction, called chemical attraction ^ 
is also designated by the appellation of c/iemical affinity. 
This kind of attraction takes place only between the 
elementary particles of different bodies ; and every 
integrant part of the compound which results from 
its effects, differs in its properties from any of its com • 
ponent parts. It is by this change of properties, that 
chemical combination, or the action of chemical at- 
traction is distinguished from mere mechanical mixture. 

Whatsoever relation the attraction of gravitation 
may have to the attraction of cohesion, the attraction 
of cohesion appears to be nearly related to chemical 
attraction, which appears only to be a refined degree 
of it, and the electric fluid performs an important 
part in creating the difference. 

CHEMICAL UTENSILS AND OPERATIONS. 

Of these utensils we can do little more than give 
their names in this place. 

Crudblea and Cupels are the vessels commonly em- 
ployed to contain the bodies submitted to the action dl 
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artifieial heat. Crumbles are employed in the melt- 
ing of metals and other operations of fbfflon. For 
low heats they are made of earthenware or porcelain, 
but for strong heats, of clay and sand. Copels are 
formed of bone-ashes, with a small quantity of clay 
and plumbago in powder. 

BelorU are globular yessels, formed with a long 
neck, and are made of earthenware, glass, or metal, 
according to the use for which they are designed. 
They are used in distillation. 

Alembics, — The alembic is used for distillation, 
when the products are of too Yolatile a nature for the 
use of the retort. 

Receivers, — A receiyer or recipient is a Tefsel, 
usually of glass, in small operations, for receiving the 
volatile product from a retort or alembic. They are 
made of a globular form. 

Evaporating' Vessels are made of wood, glass, metal, 
porcelain, or Wedge wood's ware. They are generally 
in the form of shallow basins. 

The Pneumati'Chemical Apparatus is a vessel con- 
taining a narrow shelf at the distance of three or four 
inches from its upper edge, and filled with water till 
the shelf is covered to the depth of an inch at least. 
The shelf is perforated with a number of small holes, 
to which funnels are adapted. When any permanently 
elastic gas is the product of distillation, and it is de- 
sired to fill receivers with the gas, without admitting 
the admixture of atmospheric air, this apparatus is 
used. 

The Gasometer is constructed for the retention of 
gas, and for facilitating the drawing of it off as it is 
wanted. 

Furnaces are of two tinds, viz., blast-furnaces and 
wind-furnaces, which are again subdivided into species^ 
and distinguished generally according to the use which 
is made of them. Blast-furnaces are urged by the 
air, forcibly driven from bellows or cylinders ; wind- 
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furnaces by the draught of air arisiDg from atmospheric 
pressure. 

The Blow-Pipe is a brass tube, by which the flame 
of a lamp or candle may be directed upon any sub- 
stance to be operated upon. 

The Themumieter is a well-known instrument, for 
measuring the actual or relative temperature of bodies. 

The list of chemical apparatus might easily be en- 
larged, but it will be more advantageous to combine 
the description of apparatus of less general application 
to the occasion for their use. Yet there are some 
articles which appear entitled to enumeration. It 
will be evident that in a place where all kinds of 
mechanical operations are constantly resorted to, that 
a large strong bench will be of considerable import- 
ance. Convenient small tables should also be at hand, 
for supporting mortars, an anvil, <!z;c. A large vice 
is also a machine of great utility, and the use of it also 
implies that of hammers, rasps, flies, saws, and other 
implements for working wood and metals. 

Mortars, with their postals, are made of iron for 
coarse purposes ; for other occasions they are made of 
glass, Wedgewood's ware, and agate. Levigating 
stones are best made of porphyry. With the mortar 
and levigating stone, a spring- knife is useful. 

Bods of glass, or porcelain, or even clean straws, 
are used for stirring mixtures. Glass and metal 
spatulas should also have their place. It is proper to 
have a pair of bellows; shovels, tongs, pokers, for 
managing the Are are of course necessary ; and tongs 
of different shapes, for taking out crucibles, &c., from 
the furnace, should also be at hand. 

A plentiful supply of water, fuel, and other things 
of constant necessity, need scarcely be alluded to. 

CLASSIFICATION OF SUBSTANCES. 

All the substances in nature, when classed according 
to their apparent or sensible properties, may be con« 
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either as eolid, fluid, aerifwm, or etheriaL 
But thoy may be distingniahed by any of these cha- 
racters, and yet be either simple or compound ; to 
follow, therefore, snch a mode of classification wonld 
not suit our purpose, as it wonld iotrodnoe confnsion, 
by separating the consideration of substances so cloeely 
allied as to be almost identical. We shall therrfore 
adopt the more general diTision of bodies into simple 
and compound, commencing with those which deriate 
the farthest from tlie solid state. 

The arrangement we have proposed, introduces the 
following classification of 

SIMPLE 8UBSTAK0ES. 

Ethereal 

Light Caloric (heat.) 

Aeriform, 

Oxygen. 

Aeriform and Comhutilie. 

Nitrogen Hydrogen. 

Conrrete and Comhustible, 

Carbon Phosphorus. 

Sulphur All the Metals. 

Light and Caloric. — The properties of these have 
already l>een fully discussed in a preceding part of 
this work. 

Oxygen is the name given to the solid particles of 
oxygen gan, wliich is a combination of oxygen, caloric, 
and light, and is the simplest form in which oxygen 
can be obtained. Oxygen is called the radical or base 
of the gas ; and the same mode of expression is used 
in other cases. It is invisible, perfectly elastic, like 
common air, and possesses neither taste nor smell. 

Nitrogen, — Atmoppherical air, after its vital quali- 
ties have been exhausted by combustion or respira- 
tion, leaves a residuum, which is elastic and invisible 
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like itself, but wholly incapable of supporting life or 
fire. This is nitrogen gas, which is most easily de- 
scribed by including sCme of its negative qualities ; it 
has no taste, it neither reddens vegetables, blue colours, 
nor precipitates lime-water; it is not absorbed by 
water. It unites to oxygen in several proportions; 
it also unites to hydrogen. 

Hydrogen. — This gas has long been generally known 
by t)ie name of inflammable air ; it is the gas which 
miners call the fire-damp. 

Carbon, — Vegetables, when burnt, leave a black, 
brittle, and cinerous residuum, which constitutes the 
greater part of the woody fibre, and is called charcoal. 
Charcoal contains a portion of earthy and saline mat- 
ters, but when entirely freed from these and other 
impurities, a solid simple combustible substance re- 
mains, which is called carbon. 

Sulphur^ or brimstone, is a well-known substance 
of a yellow colour, brittle, moderately hard, devoid of 
smell, but not entirely so of taste. 

Phosphorous is a yellowish transparent substance, of 
the consistence of wax. It is luminous in the dark at 
common temperatures. It is preserved by keeping it 
in water ; the water has, however, the effect of ren- 
dering it opaque, and even exposure to light alters it 
in some degree. 

Metals, — The metals, from their extensive and diver- 
sified utility, are amongst the most interesting classes 
of substances existing. They are supposed to be 
simple bodies, and not a single fact has ever been 
ascertained which shows that they can be converted 
into each other ; and yet to accomplish this, alchemists 
exhausted their estates and their lives. The metals 
are distinguished by their possessing all or the greater 
part of the following properties : — hardness, tenacity, 
lustre, opacity, fusibility, mallability, and ductility ; 
and they are excelleat conductors of caloric, electricity, 
and galvanism. 
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COMPOUlfl) SUBSTAKCBS. 

AUtaliea are possessed of the following properties : 
1, They are soluble in water ; 2, they haye an acrid 
urinous taste; 3, they are incombustible; 4, they 
change brown ; 5, they form neutral salts with acids ; 
6, they render oils miscibile with water. The alkalies 
are three in number, potags^ today ammoiiia. Potass 
and soda are called fixed alkalies, because they are 
not Tolatilized, except by an intense heat ; ammonia 
is called the volaiile alkali, because it is conveiled into 
gas at a moderate heat. Oxygen is a component part 
of all the alkalies, and appears clearly in the case of 
the two fixed alkalies at least, to bealkalizing principle. 
The basis of the alkalies are metals. 

^cu& possess most or all of the following properties: 

1, they excite the sensation called sourness or acidity j 

2, they change the blue, green and purple juices of 
vegetables to red ; 3, they combine with alkalies, 
earths and metallic oxides, with which they form the 
compounds called salts ; 4, they combine with water 
in all proportions. 

The number of acids which have been discovered, 
amount to thirty -seven, and are usually classed ac- 
cording to the substances from which they are derived, 
viz. Mineral acids, 9 ; Metallic acids, 7 ; Vegetable 
acids, 11 ; and Animal acids, 10. 

Oxides, — When the oxygen united to any of the 
simple substances does not give it the properties of an 
acid or an alkali, the compound is called an oxide. 
Most of the metals are capable of combining with dif- 
ferent proportions of oxygen, and a difference in the 
proportion of oxygen, gives a different colour to 
the oxide. Oxides are in general friable or pulveru- 
lent, and have the appearance of earths, but one of 
them is a fluid, and some of them are gases ; there 
are six oxides, viz. — Oxide of Nitrogen, Oxide of 
Hydrogen, Carbonic oxide. Oxide of Sulphur, Oxide 
of Phosphorous, and Metallic oxides. 
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Earths, — The rocks, stones, and mould, which con- 
stitute the bulk of the globe, are found, upon being 
chemically examined, to consist of a few substances 
which are distinctly different from each other, though 
they have several properties in common. These sub- 
stances are called earths. 

1. Earths are incombustible, and when alone are 
scarcely alterable by the most intense heat. 

2. They are either insoluble or very sparingly 
soluble in water or alcohol ; when in combination with 
carbonic acid they are insoluble. 

3. Their specific gravity is never five times greater 
than that of water. 

4. They assume the form of a white dry powder 
when pure. 

5. They have little taste or smell, at least when 
combined with carbonic acid. 

6. They are not precipitated from their solutions in 
acids, by the prussiate of potass, like metallic oxides. 

The distinct earths are the nine following ; Alumine, 
SiJex, Magnesia Zircon, Glucine, Yttria, Lime, 
Barytes, and Strontian. The three last named earths 
having, when pure, a caustic taste, solubilityJn water 
and the effect of changing blue vegetable tinctures to 
green, are often called cUkcdine earths and have some- 
times been classed among the alkaline ; but as they 
are infusible, and form insoluble compounds with 
carbonic acid, they certainly have a nearer relation to 
the general properties of the earths than to the 
alkalies. 

STONES OR FOSSILS. 

Thb whole of the rocks, stones, and mould, which 
form so large a portion of our globe, so far as they 
have been examined, appear, as before observed, to 
have for bases one or more of the nine preceding earths, 
in different states of combination. To the eye, and 
in* properties apparent to the senses, the variety 
wliich surrounds us seems infinite; we know very 
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litUe of the prooesaes which natnre has employed to 
produce this yariety ; but the more skilfal we become 
in chemical analjaia, the more clearly we perceive 
that the elements of all things are few in number. 
We will ennumerate the leading Tarieties of fossils. 

Aiuminout Fosnfs. — Aluminous or argillaceous 
stones are very abundant ; with some rare exceptions, 
they are all soft enough to be cut with a knife, and 
they do not like aluminous earths, fall to powder by 
mere immersion in water. They are six in number, 
viz. : — Corundum, Homstone, Basaltes, Mica, Schis- 
tus, and Zeolites. 

Silfi'douM Fo89%U strike fire with steel, and they are 
generally susceptible of a fine polish ; a great number 
of gems belong to this class. They are seven in 
number, viz. : — Quartz or Rock Crystal, Feldspar, 
Flints, Agates, Lapis Lazuli, Schorl, and Granite. 

Magneitan Fosn/s are those which derive their 
character from magnesia, though they do not all con- 
tain a great proportion of this earth ; they are dis- 
tinguished by being greasy to the touch, and have 
neither the hardness nor infusibility of siliceous fossils. 
They consist of four, viz. : — Talc, Steatites, Serpen- 
tine, and Asbestos. 

Calcareous FossUs are generally harder than the 
magnesian, but not so bard as the siliceous ; none of 
them strike fire with steel ; some of them imbibe 
water, and crumble by exposure to frost; others 
become harder by the same exposure. They comprise 
five kinds, viz. : — Crystalized Calcareous Stones, 
Marble, Stalactites, Gypsum, and Fluor Spar. 

SALTS. 

The compound formed by the combination of an acid 
with an alkali, an earth, or metallic oxyde is called a 

SALT. 

The term neutral salt was formerly given to all 
combinations of acids and alkalies, but the epithet 
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neutral is now restricted to those salts in which the 
acid and the alkali completely saturate each other, 
and in which, therefore, the peculiar properties of 
neither can be detected. 

The salts form a numerous class of bodies. Four- 
croy reckons that there are one hundred and thirty* 
four species, and the number belonging to each species 
id often considerable. There can scarcely be less than 
two thousand distinct salts ; but we shall only notice 
some of the most useful : — 

SuIphcUeSy of which there are six, viz. : — Sulphate 
of Allumine, Ammonia, Sulphate of Soda, Green 
Sulphate of Iron, Red Sulphate of Iron, and Sulphate 
of Copper, — are in general crystalizable, have some 
taste, but no smell ; are precipitated by solution of 
barytes, and afford sulphurets when heated red-hot 
with charcoal. 

Nitrates^ viz. : — Nitrate of Potass, Nitrate of Soda, 
and Nitrate of Ammonia, — are soluble in water, and 
crystalizable ; they deflagrate violently when heated 
to redness with charcoal, or other combustibles ; sul- 
phuric acid disengages from them a white vapour of 
nitric acid. By heat they are decomposed, and yield 
at first a considerable quantity of oxygen gas. 

Muriates, — Muriate of Soda, of Potass, of Ammonia, 
and Hyper- oxy muriate of Potass, are the most volatile 
of all salts. They are at the same time the least 
decomposible ; they may be melted and volatilized 
without undergoing decomposition. They effervesce 
with sulphuric acid, and white acrid fumes of muriatic 
acid are disengaged. 

Carbonates, — Sub- carbonates of Potass and Soda, 
and Carbonate of Lime, effervesce, and yield carbonic 
acid, when sulphuric ur nitric acid is poured upon 
them ; all the alkaline carbonates are soluble in 
wattT, while those of the earths and metals are nearly 
insoluble. 

Huates of Lime, and of Silex, are not decomposed 
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by beat, nor altered by combustibles ; when sulphuric 
acid is poured upon them they yield acrid yapours of 
fluoric acid, which corrodes glass. 

BorcOes are all fusible into glass and assist the 
fusion of other bodies, particularly metals. The 
principal salts of this class are the sub- borate of soda, 
the borate of potass, of lime, of magnesia, and of 
alumine. 

AcetaUi of Potass, of Ammonia, of Lead, and of 
Copper, are distinguished by their great solubility in 
water ; by the decomposition of the acid when the 
solution is exposed to the air ; by their being decom- 
posed by heat, and by their yielding acid when mixed 
with sulphuric acid, and distilled. 

TarircUeB are decomposed by a red heat. The 
earthy tartrates are less soluble than the alkaline : but 
they are all capable of combining with another base, 
and forming triple salts. 

The principle tartrates are those of potass, potass 
and soda of potass and ammonia, of lime, of strontian, 
and of potass and antimony. 

Phosphates are capable of vitrification ; are partially 
decomposed by sulphuric acid ; are phosphorescent at 
a high temperature ; are solube in nitric acid without 
effervescence ; and may be precipitated from their 
solutions by lime water. The principal phosphates 
are those of potass, of soda, of ammonia of lime, of 
alumine, and of magnesia. 

Prusaiates, — The singular affinities of some of the 
prussiates render them interesting to the chemist ; the 
simple prussiates, are, however, little regarded, be- 
cause destitute of permanency, being decomposed 
merely by exposure to the air, unless united with a 
metallic oxide. The prussic acid does not appear 
capable of saturating an alkali ; and the weakest acid 
known is capable of decomposing the prussiates of the 
earths and alkalies. The most important of the 
prussiates is that of iron ; and of the triple prussiates 
those of potass, soda, lime, or ammonia with iron. 
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ORGANIC SUBSTAMCB8. 



Vegetables^ though infinitely diversified in their 
appearance and properties, are foand to consist of a 
email number of simple substances ; carbon is the basis 
of them all, after carbon, hydrogen and oxygen may 
be considered as forming the principal parts of them. 
Some vegetables contain nitrogen, others phosphorus, 
earths and metals, but these elements are not general ; 
they being only to particular plants, or to plants in 
particular situations. 

Plants derive a principal part of their nourishment 
from v^ater : tlieir roots imbibe the v^ater, which is 
decomposed in them by the assistance of light and 
heat, and a part of its hydrogen becomes fixed, while 
part at least of the oxygen is given out by transpira- 
tion. 

Animal Substances present us with the same con* 
stituent principles as vegetables : but the proportions 
of these principles are different. By destructive dis- 
tillation they afford much ammonia, which is sparingly 
distributed in the vegetable kingdom ; they also con- 
tain much nitrogen, of which the proportion is usually 
small among vegetables : and they are more abundant 
in phosphorus, while of carbon and hydrogen, which 
are abundant in vegetables, they contain but little. 

Fermentation. — When vegetables and animals are 
deprived of life, the elements of which they are com- 
posed exert an action on each other ; some of them 
enter into new combinations, others become entirely 
undecompounded ; and the identity of the original 
substance is destroyed. 

Fermentation is of three kinds: 1, i\\Q mnoris ; 2, 
the acetous; 3, the putrid. The two first kinds are 
peculiar to vegetable substances ; the last is common 
both to vegetable and animal substances ; though the 
change it indicates, is, in reference to animal sub- 
stances, more generally called putrefaction. 
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Ah-oholy or tbe purely fipirituous part of liquors 
which have undergone tbe vinous fermentation aud no 
other, is transparent and colourless like water ; its 
taste is highly pungent, but agreeable. It is ex- 
tremely inflammable, and when set on fire it leaves no 
residuum. 

Ether, — If alcohol be mixed with its own weight of 
sulphuric acid, gradually added to prevent explosion, 
and the mixture be distilled in a sand-bath, the ftr^t 
product obtained is alcohol) but afterwards a very 
different fluid, which is equal in quantity to half tbe 
alcohol employed. This fluid is called etheVy which is 
still more inflammable and volatile than alcohol, and 
equally as colourless. It is the lightest of all known 
fluids ; its smell is fragrant and agreeable, but not 
powerful. Its taste is hot and pungent. Its combus- 
tion yields a bhie flame, and rnther more smoke than 
alcohol. Its internal use extends to all spasmodic af- 
fections ; and it has latterly been applied in sufficient 
quantity to patients to deprive them of all sensation, 
and while in this state operations of a dangerous na- 
ture, such as amputations, have been successively con- 
ducted. But this experiment ought never to be 
attempted but by practical men of experience ; as 
several deaths have occurred through its improper 
application. 
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